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to the wildlife profession in general and to woodcock management in particular is widely 

recognized. He rose to national prominence both as a writer and a professional conservation- 

ist. His articles appeared in numerous outdoor-oriented publications in addition to his 

regular columns in the Pittsburgh Press. The Symposium was held in central Pennsylvania 
where Roger rekindled interest in woodcock at a time (1951) when studies and management 

of the bird were at an all-time low. This foresight led to the improvement of the status of 
woodcock in Pennsylvania and helped awaken interest in the bird nationwide. 

Dedicated to Roger M. Latham, 1914-1979 

This Seventh Woodcock Symposium is dedicated to Roger M. Latham, whose contribution 
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Foreword 

The papers in this symposium proceedings provide the most up-to-date information on the ecology 

and management of the American woodcock. This is the seventh in a series of symposiums and work- 

shops on the American woodcock that have been held since 1966. Through this progression of meet- 

ings. dedicated groups of biologists and administrators have provided a regular forum for information 

exchange on a species whose popularity as a game b_rd is steadily increasing. Research and manage- 
ment reports given at these meetings have evolved from informal general presentations to high-quality 

scientific papers. Papers in this publication follow the precedent set by the Sixth Woodcock Sympo- 
sium in that they were formally refereed before being accepted. 

The Seventh Symposium was international in scope. with participants attending from Canada, Ire- 

land. Great Britain, and West Germany. Research reports on the European woodcock published in 

these proceedings enable comparison of two related species whose habitat preferences and social 
systems are quite different. 

Forest management and land-use trends could possibly be the most important factors affecting 
future woodcock populations. A special session with invited papers, held the second day of the swmpo- 

sium, provides the most recent information available on these topics. Several additional papers deal 
with on-site management of woodcock habitat and provide practical methods to enhance woodcock 
populations at the local level. 

The success of any symposium on wildlife can only be measured by the positive research or manage- 
ment programs that it fosters. The 1980's will undoubtedly see new pressures on wildlife and their 

habitats. Future research should continue to contribute knowledge on the biological and ecological 

characteristics of woodcock as a basis for understanding its relations with its environment. 

particularly the etfects of habitat alterations and management practices and the impact of human 
exploitation on population dynamics. The results of this symposium should be of great benefit in pro- 
viding support for new and ongoing programs to safeguard this important game bird. 

Many individuals and organizations deserve recognition for their efforts in making this symposium 

a success. The symposium planning committee included Robert Wingard, Terry Rader, Gerald 
Storm, James Wakeley, Stephen Liscinsky, Richard Coon, Thomas Dwyer, and John Tautin. W il- 

liam L. Sipple. Jr., arranged for the use of the J. O. Keller Conference Center at The Pennsylvania 
State University and made arrangements for the field trip. The Port Matilda Sportsman's Federation 

and most notably one member, Mike Ondik, did an excellent job of hosting the banquet. Robert 
Butler, former leader of the Cooperative Fishery Research Unit at the Pennsylvania State University. 

provided an outstanding carving of a female woodcock and chick as an award for the best paper: 
Susan Sutherland contributed a pen-and-ink sketch of an American woodcock for the second place 

award in the contest. Walter Tzilkowski supervised the flawless operation of the projection equip- 

ment and, with James Hudgins, coordinated the shuttle bus system. Session Chairmen included James 
Wakeley. Glen Sanderson, Dale Sheffer, Robert Bond, Stephen Liscinsky, Gene Wood, and Jolin 

Harcus. Dorothy Detwiler assisted in preparing manuscripts for publication. Finally, the Accelerated 

Research Program for Migratory Shore and Upland Game Birds and the Office of Migratory Bird 

Management made funds available to publish these proceedings. 

David L.. Trauger, Chie 

Division of Wildlife Ecology Research 

BEST DOCUMENT AVAILABLE — 



_ 
— 

BEST DOCUMENT AVAILABLE 

Frontispiece. Pen and ink sketch of nesting American woodcock by Susan Sutherland. 

YL 
a 



The American Woodcock: A Keynote Address 

by 

Rubert A. McCabe 

Department of Wildlife Ecology 
University of Wisconsin-Madison 

Madison, Wisconsin 53706 

Some years ago I saw a skit in which a ditty 
was sung entitled “You are only a blip on the 
oscilloscope of life.” During the time span when 

humans have interacted with the American 
woodcock, the blips of enlightenment regarding 

this species have varied in time and intensity. 
What follows is the woodcock oscilloscope as | 
saw it and see it. 

It is axiomatic to begin history at the begin- 
ning, but the beginning of woodcock history is in 

part obscured by the use in America of European 
common names, any one of which could mean 
woodcock. Some even referred to groups of birds 
as well as to individuals (Jameson 1909). 

The first woodcock referred to by name was 

recorded as being part of the diet of the Mon- 
tagnais Indians of Quebec (Le Jeune 1635); how- 
ever, Lawson's (1714) more detailed account of 
the bird's size ana habitat leaves no doubt that he 
is talking about the American woodcock in the 

Carolinas of the 1600:. Thomas Pennant 

(1784-85) provided the first of the early taxo- 
nomic descriptions but failed to present his bird 
names in Latin. And so it was Johann F. Gmelin, 
after he prepared and edited, in Latin, the thir- 
teenth edition of Linneaus’s Systema naturae, 
who is credited with naming the American 
woodcock. The scientific binomial changed at 
least 14 times before it stabilized in our current 
AOU checklist (Wetmore 1957) as Philohela 
minor. The name is derived from the Greek: 
philos meaning loving and helos meaning bog or 

wet ground. The specific name minor refers to 
the fact that it is smaller than the European 
woodcock. Thus the taxonomic baptism pro- 
duced the first major blip on the woodcock oscil- 

The individual blips on our screen during that 
latter half of the 19th century are small but 
numerous, like a veritable milky way of small 
contributions on woodcock. Many of these are to 
be found in the now regrettably defunct sports- 
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man’s journal Forest and Stream. In the early 
1950's, my wife and I began to compile a bibliog- 
raphy on the American woodcock (which we 
never completed), and we were astonished by the 
number of citations in that journal. They covered 
a spectrum of subject matter from behavior to al- 
binism, and a similar gradation spectrum oc- 
curred in accuracy and credibility. Nonetheless, 
the insights in aggregate provided vital informa- 
tion and stimulated inquiry through provocative 
recording based on limited data. During this 
same period, under the pseudonym of Frank 
Forester, H. W. Herbert added luster to the 
pages of Forest and Stream and published nu- 
merous books that expressed the sportsman’s view 
of hunting and made substantial contributions to 
woodcock lore. His sometimes overly elegant vic- 

torian prose often overwhelmed the otherwise 
substantive observations or conclusions. 

Large numbers of woodcock seen in the field in 
the early 20th century and gross daily bags of 
sports and market hunters were doubtless the re- 
sult of migrating concentrations during the 
spring and autumn. It is questionable whether 
protection from the gun was ever needed, then or 
now, but it was comforting to know that at the 

State level, concerned conservationists pressed 
for harvest restrictions if only to protect local co- 
verts. The Migratory Bird Treaty Act of 1918 
gave the Federal government control of the 
woodcock’s welfare. Spring shooting and market 

hunting became illegal. Bag limits and season re. 

strictions soon followed. These events produced a 
small but significant blip on the woodcock oscil- 
loscope. 

A very enlightening paper by Henry Mousley 
(1935) appeared under the lengthy title: A histor- 
ical review of the habits and anatomy of the 
woodcock compiled jrom the earliest drawings 

and accounts to these of the present day. This in- 
teresting and informative account is as much a 
personal history of the contributors to woodcock 



understanding as it is the natural history of the 

woodcock. Part of this narrative records that a 
George Cumberland was the first artist to draw 

the muscle and bone structure of the European 
woodcock head to illustrate how the bird is able 

to move its upper mandible without moving the 
lower. The artist ran off with the wife of the man 
in whose house he was a boarder and later salved 
the man’s hurt with 1,000 pounds sterling. How 

these two bits of information relate is vague from 

a scientific viewpoint, but they illustrate the in- 

terlaced vignettes of personal history and science 
that characterize this contribution. 

The anatomical aspects of the eve, ear, and 
brain are discussed by Mousley along with ptero- 

lography, sex and aging. capture, and early art 
forms involving woodcock, plus anatomical com- 
parisons between snipe and the American wood- 
cock. In spite of the reader not always knowing 
which species of woodcock was being discussed, 
the contribution is major. 

The next effort virtually lit up our woodcock 
oscilloscope screen. In my opinion, no woodcock 

study should be undertaken without first consult- 

ing O. S. Pettingill’s (1936) study of the Ameri- 

can woodcock. It is not only an excellent com- 
pendium of woodcock knowledge prior to its 
publication, it also added to and organized new 
information on the life history of this bird. Much 
of the meaning of the data presented (i.e., the 
ecology of the woodcock) was not adequately dis- 
cussed, and the monograph was criticized for this 
omission by Wm. Vogt in Birdlore (1936). Lins- 
dale (1936) also leveled some “aroused opinions” 
on the effort. I have little quarrel with the criti- 
cisms by these two reviewers. I would, however, 
not retreat from my original position that this 
study be examined as a first step when beginning 
a research project on woodcock. This study pro- 
vides much of the basic biology of the species, 
thus freeing a researcher's time to explore wood- 
cock ecology which draws on the basic biology 
for relationships and understanding. The Pettin- 
gill monograph, in spite of brief lapses in scholar- 
ship, is still a classic and, for its day, was ahead 
of its time. 

Howard L. Mendall and Clarence M. Aldous 

produced the next major blip on the woodcock 
screen. Their bulletin, entitled The ecology and 

management of the American woodcock (1943), 

covered some of the same aspects recorded by 
Pettingill but added new dimensions to the 

knowledge of woodcock. They used banded birds 
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to determine the relationship of the bird to its en- 

vironment. The role cf management was ex- 

plored through census, banding, mortality (par- 
ticularly through hunting), sex ratios, and 

manipulation of the hunte:_ the predators, and 
the habitat itself. In the last instance, the crea- 
tion of a peenting or singing ground in mono- 

typic cover was a breakthrough in habitat manip- 

ulation. The bulletin compares favorably with 

Pettingill’s report 7 years previous, and stands as 

a model for species management. 
In the same year of the Mendall and Aldous 

contribution there also appeared on the screen a 
small but important blip in the form of a paper 
by Frank A. Pitelka (1943) in the Wilson Bulle- 

tin. It was entitled “Territoriality, display, and 

certain ecological relations of the American 
woodcock.” Apart from the explicit assessment of 
ambient conditions associated with the wood- 
cock under observation. the text leans very heav- 

ily on previous literature. This research centered 
on only three established males that were under 

detailed study for about 40 hours on 11 separate 

days. No birds were marked. From these data 
was produced a well written 27-page paper. It isa 

classic in data squeezing and the astute use of lit- 

erature. In envy, I confess that I have worked 
with woodcock for over 30 vears, and the results 

would not require half the number of printed 
pages. Of course this might surprise no one. The 
last two lines of his summary read as follows: 

“American woodcocks may become temporarily 
established on territories during the period of 
spring migration.” 

The import of that statement had a profound 
effect on road transects and block censusing of 

peenting birds in spring. Timing to separate local 
breeders by avoiding migrants is essential to cen- 

sus accuracy. 
In 1951 (to 1968) I began a program of wing 

examination for sex and age of Hungarian par- 

tridges (Perdix perdix) in Wisconsin. The wings 

were obtained by sending hunters, who had 
taken partridges the previous vear, prepaid enve- 
lopes for wings from birds bagged during a cur- 
rent sez on. The success of this effort prompted 
the development of envelopes for Wisconsin 
woodcock hunters. My project never got beyond 

the designed envelope because a more sophisti- 
cated rangewide program at the Federal level 

emerged in the same vear. Hunting statistics 
were recorded on the envelope that transported 
the wings of shot woodcock. 



At about the same time, the U.S. Fish and 

Wildlife Service also organized a rangewide sur- 

vey of singing (peenting) males along random 

transects in suitable habitat as an indicator of 
spring population levels. Among cooperators 

were State conservation department field person- 

nel who were assigned to follow the Federal 

guidelines for counting (Anon. 1963). Other 

agencies and individuals also participated. The 
wing collections of the hunting season, including 

the questionnaire data, and the spring peenting 

counts have given management insight into har- 

vest and population change. The major manage- 

ment efforts resulting from these data are ex- 

tremely limited. The one reference I found read 
as follows: “Most states where hunting seasons 

have previously extended into late February have 
curtailed their 1975-76 season somewhat” (Art- 

mann 1977). Even here there are several amelio- 

rating qualifiers like “curtailed.” “most.” and 

“somewhat.” 

The still-to-be-resolved aspects of these surveys 
are (1) when. or at what point in the statistical 

change of the survey data can we expect action 
regarding management. and (2) what will that 

action be? Of the two, the “when” requires valid 
or even plausible rationale. 

Perhaps we have been expecting too much 

from what are essentially monitoring efforts. It 
may be doubtful that the accumulated inc‘ces 

are sensitive enough to produce an accurate 

assessment of change or of the fluctuations re- 

corded, particularly at a rangewide level. The 
Migratory Bird and Habitat Research Labora- 
tory is examining and adjusting the program to 

provide answers. This pair of monitoring 

schemes in spring and fall produced a sizable blip 
on the woodcock oscilioscope screen. The hope is 

for an even larger blip in the future. 
A rangewide banding program provided a 

series of interesting capture techniques, but any 

management resulting from the almost shame- 

fully expensive banding of woodcock created 
only a minor blip on the woodcock screen. 

The brightest flash on the screen in recent 

vears was occasioned by William Sheldon’s The 

hook of the American woodcock (1967). It is well 

written and adequately documented, To avoid 
the criticism of not examining European litera- 

ture, Sheldon includes a brief section on the 

European woodcock. The work covers the cur- 
rent woodcock scene in a stvle and depth to en- 
lighten both layman and biologist, as he adds 

dimensions of art and pleasing prose to his com- 
pilation of pertinent data on this species. The 

field techniques are given detailed coverage. and 
he is generous in his acknowledgments of help 

from colleagues. 

This assemblage will recognize the large blip 

resulting from the birth of this symposium s-ties, 
namely the first woodcock seminar held in 1966 

(subsequent meetings were re/e.red to as “work- 
shops” or “symposia™). The iclea for that gather- 
ing stemmed from conversations among John 

Ward. Bill Marshall, and G. Morman Slade (a 
businessman. a college professor, and a gentle- 

man farmer. respectively). The action resulted 
when others were also struck with the idea of 

dramatizing the need for research and research 

support on the American woodcock. The Univer- 

sity of Minnesota and the U.S. Fish and Wildlife 

Service sponsored that first effort at the Long 

Lake Conservation Center in northern Minne- 
sota. In the meetings that followed, we have 

come a long way (and there is a long way still to 
go), but to these three men and their associates 

we owe a debt of gratitude for a timely focus on 

this truly American game bird. These meetings 

and the enthusiasm they generated played no 

small part in obtaining Federal support for a re- 

search program on “webless migratory game 

birds” which was funded in the fiscal vear 

1967-68. 

The mid-1900's, like the mid-1800's, pro- 
duced a blizzard of small but important contri- 
butions to understanding woodcock. Each con- 

tribution enhanced our knowledge: studies of be- 

havior, broods, habitat relationships. food, 
blood chemistry, and many others. This sympo- 

sium and others before it are vehicles to share 
and to put these efforts into perspective. The 
oscilloscope responded with a satisfying glow in 
the 1900's as it did in the middle and late 1800's. 

I would like to think that at least a small bump 
on the oscilloscope line has been produced by the 
work at the University of Wisconsin. Since 1938 a 

spring singing-ground census has been made on 

the 1,100-acre U.W. Arboretum. [ was responsi- 
ble for the census for the past 37 vears (except in 

1970, when I was on sabbatical in Ireland) with 
the help of experienced people. Arrival dates 

have been kept. and a number of special observa- 
tions and studies have been made in the interim. 

The ecological changes in the plant cover on the 

study area have also been noted and aerial photos 

obtained. These data have not been analyzed, 
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but I know of no other comparable census on the 

same site over a longer time span or where the 

cover has ber mainly unaltered by man. 

In the eariw years of the study, Aldo Leopold 
and I conducted concurrent censuses — he at his 
“shack” area 40 miles north of Madison and I at 

the University Arboretum. Perhaps the blip will 
be larger when all of these data are analyzed and 
put in perspective. 

For me to attempt to name all the people who 
have contributed to knowledge on woodcock 
would be prohibitive in time, and I would run 
the risk of inadvertently omitting someone. I can 

think of at least 10 to a dozen more that could 
rightly be recognized, but the bottom line must 

be drawn. 

The value of each achievement in woodcock 
ecology will perhaps be assessed differently by 

the newly initiated, by the seasoned veterans, 
and by the old-timers among conservationists 

concerned with woodcock. These groups are also 
conditioned by who pays the salaries, by group 

leadership. and by the stated mission that guides 
their hands and minds. 

The day for adding more bits and pieces to a 

general life history of the woodcock, or any 
species for that matter, should be over. What we 
must avoid in our research and ultimately in 
publication is ending up with results that prompt 
the question, So what? It is easy for woodcock re- 

searchers such as are here asembled to agree 
with each other and sce merit in all studies and 

thus create a mutual admiration society. 

The primary reason for research on woodcock 
is to provide data that form the basis for assuring 
the welfare of this species through programs of 
management. Each effort must define for col- 

league and layman alike how its results relate to 

t at end. 
' have no quarrel with esoteric reseorch that is 

interesting or exciting and relates only to a scien- 

tific data bank or comparative biology. In the 
field of wildlife management, however, we can 

afford little such luxury. It does not mean that 
we avoid “deep-digging” research; it does mean 

that even deep-digging results should lead to ac- 
tion on behalf of the resource ‘iself — in this in- 
stance, the American woodcock. 

All animals that are trapped or fall before the 
gun require the utmost in effort and ingenuity in 

providing data on which management can safe- 

guard the wildlife resource. Indeed, it is a profes- 

sional wildlifer’s responsibility to strive toward 

that end. 
With current bag limits and season restriction, 

I do nt believe that the harvest can seriously 

affect the woodcock population. Local overhar- 
vest or habitat loss affect the local hunter's bag 

and his outlook, but the species remains intact. 
With more than enough wintering and breed- 

ing coverts, and because these coverts rarely con- 

flict with commercial exploitation, only local 
shortages are cbvious. There may come a time 
when the national harvest will need adjustment 
to protect the breeding population. There may 
come a time when land-use practices on a broad 
scale will negatively affect woodcock well-being 
on the breeding or wintering grounds. 

It is against such contingencies that we under- 

take to learn all we can of the biology and ecol- 

ogy of woodcock: but we must not initiate, con- 
duct. or justify our field efforts with fancy words 
and obscure objectives. 

Let me leave you with this considered and per- 
sonal assessment, which may be either sobering 
or satisfying. 

The American woodcock is virtually unaf- 
fected by current exploitation. It adapts so well 
to changes in its breeding and wintering habitats 

that these environmeats are not population limit- 
ing —1 only wish I had proof positive. 

If true, does this mean that we step our investi- 
gations on this species because it is looking after 

itself? On the contrary. The monitoring pro- 
grams are vital. Violent and unpredicted natural 
and man-made change can occur at any time. 

Management of local coverts are as much a con- 

cern for wildlife ecologists and managers as are 

continental woodcock populations. Any research 
toward those ends should provide safeguards for 
the species as well as the traditional recreation. If 
it were otherwise we would not be here this 

morning. 
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Assessment of Some Important Factors 
Affecting the Singing-Ground Survey 

by 

John Tautin 
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Abstract 

A brief history of the proce ures used to analyze singing-ground survey data is outlined. 

Some weaknesses associated with the analytical procedures are discussed. and preliminary 

results of effcrts to improve the procedures are presented. The most significant finding to 

date is that counts made by new observers need not be omitted when calculating an index 

of the woodcock population. Also, the distribution of woodcock heard singing. with 

respect to time after sunset, affirms the appropriateness of recommended starting times for 

counting woodcock. Woodcock count data fit the negative binomial probability 

distribution. 

Surveys to assess the populatioa status of 

migratory game birds are a key element in their 

management. For most species, estimates of pop- 

ulation size are derived from expanded counts of 

individual birds or groups of birds. The counts 

are usually made along transects or in selected 

areas where the birds are concentrated. Direct 
enumeration of a portion of the population to 
provide a basis for estimating the total works rea- 
sonably well for large, conspicuous, and gregar- 

ious birds such as waterfowl and cranes. These 
conventional methods are not suitable for Ameri- 

can woodcock (Philohela minor) because they 

are small, solitary, cryptically colored, and occur 

in dense habitats. Fortunately, male woodcock 

can be counted readily because of their unique 
song ani conspicuous courtship behavior. Sing- 
ing males thus serve as the basis for the woodcock 
singing-ground survey conducted each spring by 

the U.S. Fish and Wildlife Service (FWS). In 

contrast to surveys that provide direct estimates 
of populations, the singing-ground survey pro- 
vides an index of the size of the spring-breeding 
population. 

The singing-ground survey is coordinated by 

the FWS in cooperation with the Canadian 
Wildlife Service, 24 States and Provinces, and 

many individuals. Although various forms of the 
survey have been conducted in the past, in its 

present form, singing male woodcock are 
counted along roadsides each « pring on randomly 

selected, permanent routes in the mid and north- 
ern portions of the woodcock’s breeding range. 

About 1,400 singing-ground survey routes exist, 
and they are almost equally divided between the 

Eastern and Central management units. The 

counts are timed to coincide with seasonal and 

daily peaks in courtship activities. Observers 
record the number of singing males heard at each 
of 10 stops along a 3.6-imile (about 6.3-km) 

route. The average number of singing males per 

route is used as the index of the breeding popula- 
tion of woodcock. 

The Evolution of the 
Singing-Ground Survey 

The present singing-ground survey is the prod- 

uct of a long evolutionary process that began in 

1937 when Mendall, Swanson, and Aldous estab- 

lished the first singing-ground route at Moose- 

horn National Wildlife Refuge in Maine (Men- 

dall and Aldous 1943). Survey techniques 
evolved in a somewhat haphazard manner 
through the 1940's and 1950's. Field procedures 
were finally standardized by the early 1960's. 

Further improvements were made to the singing- 
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ground survey in the late 1960's, when nonran- 
dom routes were replaced with randomly selected 

routes. Suivey techniques and analytical meth- 
ods used now are essentially the same as those 

used in 1970. Generally, the analytical methods 
were altered as a result of changes in field pro- 

cedures for counting singing woodcock. That this 

survey evolved over an interval of 30 to 40 vears 

interferes, to some extent, with the ability to 

view the historical information as a uniform and 

comparable picture of trends in the woodcock 
breeding population. 

Present field procedures are sound and practi- 

cal and, for the most part. result in a satisfactory 
index. It is unlikely that field procedures will be 

changed significantly in the future. The evolu- 

tion of analytical procedures has, however, been 

less complete. In view of today’s standards for 

monitoving the status of migratory game birds, a 

thorough assessment of the analytical procedures 

used in the singing-ground survey is needed. The 

FWS is now addressing this need and upgrading 

the analytical procedures. The purpose of this 

report is to present some preliminary results of 
the assessment. 

An analysis of singing-ground survey data has 

several features. Most important, and central to 

the other features, is the former use of “compar- 

able” daia to calculate an annual index of the 
population. Data were considered comparable if 

the route was surveved in both the vears of com- 
parison by the same observer under similar con- 

ditions. Assessment to date has focused on this 
feature. Before discussing preliminary results of 

the assessment, it will be useful to briefly review 

the history of using comparable data and to out- 
line attendant problems. 

The Use of Comparable Data 

History 

The practice of using only comparable data in 

the analysis was initiated a out 1940 by Howard 

oe 

Mendall. At that time the total number of wood- 

cock heard on the routes was used as the popula- 

tion index. To calculate population index 

changes between years, Mendall used only totals 
of woodcock heard on routes surveyed in both 

vears that were to be compared. The scope of the 
survey was then expanding. and this use of com- 

parable data eliminated the obvious bias that 

would have resulted from including woodcock 

heard on new routes that were being run for the 
first tine. The practice of using comparable data 
became more restrictive in the early 1960's fol- 

lowing the studies of Goudy (1960) and Duke 

(1964). These studies resulted in standardized 

field criteria for counting woodcock and rece: . 

mendations that data not be used unless the 

routes were run under similar environmental 

conditicnas by the same observers. Consequently. 
a stringent set of criteria were developed to deter- 

mine whether count data were acceptable and 

comparable. 

Attendant Problems 

The use of comparable data requires two esti- 

mates of the population index for any given year: 
one for calculating the percent change irom the 

preceding year and one for calculating the per- 
cent change to the following year (Table 1). Two 

estimates are needed because the group of data 

paired with comparable data from the preceding 
year frequently is not the same group paired with 

comparable data from the subsequent year. Con- 
sequently, a single index value cannot be quoted 
for a given year. Also, the calculation of a change 
(trend) among vears is complicated. 

About 25% of all data are rejected in most 

vears because they are not considered compar- 
able, and this represents a significant loss of 
otherwise useful data. Failure to run a route in a 

vear and changes in observers are the most fre- 
quent causes for rejection. If a route is rejected in 

either year of the comparison, data for neither 
vear are used. Additionally, there is a partial loss 

Table 1. Sample calc’ cation of between-year changes in the population index. 

Years of Index Index 

comparison vear | “~ change vear 2 

l and 2 2.36 +10 2.60 

2 and 3 9.55 

3 and 4 

Index Index 

‘ change vear 3 “% change vear 4 

+12 2.86 

3.00 +7 3.21 
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of data at the stop level within routes. For exam- 
ple, stops made too early or late are rejected. 
Only acceptable stops common to both years of a 

comparison are used. Consequently, routes used 
in analyses have an average of fewer than 10 

stops. Numerous other factors (e.g., start-stop 

time range, start-stop distance range, time, and 

distance between stops) and combinations of fac- 
tors are considered in determining whether or 

not data are comparable. The complexity of the 
comparisons requires that many subjective judge- 

ments be made. It is difficult to foresee all possi- 
ble situations and develop objective criteria to 

cover them. 

Assessment of the Use of Comparable 
Data Preliminary Results 

Probability Distribution of 
Woodcock Count Data 

A basic understanding of factors affecting a 
population index requires knowledge of how the 
count data are distributed statistically. The prob- 
ability distribution of singing-ground survey 
count data was examined by using the total num- 

ber of woodcock heard on each run of a route as a 

discrete variable, and various data sets were 

created by using combinations of states and 

years. These sets ranged from large (e.g., all 

states, all years) to small (e.g., all routes run in 
New York in 1979). A typical distribution of 
these sets is illustrated in Fig. 1. The variances of 

these data sets were consistently larger than the 
means, suggesting that the count data weve con- 
tagious or clumped and would probably fit the 
negative binomial distribution. The fit of 25 data 

sets was tested by using methods outlined in 

Southwood (1966), and it was concluded that the 

negative binomial is an appropriate and satisfac- 
tory model. In continuing assessments it will be 
assumed that singing-ground survey count data 

fit a negative binomial probability distribution. 

Effect of Observer Chrnge 

About 10% of all routes that were run are not 

used each year because of observer changes. Real 

differences in observers’ abilities to hear singing 

woodcock were demonstrated by Duke (1964), 

and persons familiar with counting singing 
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Fig. 1. Frequency distribution of woodcock heard sing- 
ing on routes run in the Eastern Region, 1968-80. 

woodcock can attest to this. Mayfield’s (1966) 

comprehensive work on hearing loss and the abil- 
ity to hear bird songs provides corroborative in- 

formation. He reported that at about age 32, 

men begin to show a distinct and gradually wor- 

sening loss of hearing in the frequency range of 
4,000 cps and higher. The sound from the peent 
call of a woodcock is concentrated in the range of 
4,000-6,000 cps (Duke 1964; Beightol and 

Samuel 1973). 

Despite strong evidence indicating differences 
in people's ability to hear singing woodcock, the 
necessity of rejecting data from routes run by 
new observers was questioned. It was hypothe- 
sized that the differences would be compensatory 
at the broad regional or rangewide scale (i.e., 
that some new observers would hear more and 
others fewer woodcock than their predece.sors, 
with the net effect being nil). An ideal test of this 
hypothesis would be to compare numbers of 
woodcock heard by different observers who ran 

the routes together and recorded their findings 
separately. Unfortunately, few such situations 
exist because, although many routes are run by 

two or more observers, forms are submitted 

jointly to insure comparability if only one of the 
observers were to run the route in the following 

year. The hypothesis was tested by considering 
both between- and within-year differences in 

counts by old aud new observers. Observers were 

considered new if someone else had run the route 

the previous year; old observers were those who 
had run the same route the previous year. 

Between-Year Differences 

Differences in the number of woodcock heard 

par 
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Fig. 2. Frequency distribution of differences in wood- 
cock heard on a route for 2 years wher the observer 
changed. 

on a route between two consecutive years were 

calculated for all instances where the observers 

changed. The distribution of calculated differ- 

ences at the rangewide level (Fig. 2) was similar 

to distributions at the regional level. The null hy- 

pothesis that the mean difference equals zero was 

then tested by using a ¢-test and specifying a re- 

jection region ot P < 0.05. The null hypothesis 

was not rejected in any of the tests at either the 

rangewide or regional level (Table 2). 
Testing the mean difference in this simple 

manner requires the assumption that the effect of 
population change between years is negligible 
(i.e., that differences reflect abilities of observers 

to hear birds and do not reflect population 
changes). Although it is highly unlikely that this 
assumption is true for all pairs of consecutive 

years, the assumption becomes reasonable for the 
rangewide level if the long-term rangewide 

population is considered to be stable. To the best 
of my knowledge, the rangewide population has 
been stable (Tautin 1979). The assumption is 
probably not true at the regional level because of 
long-term population changes within the regions 
(Tautin 1980). However, only when the null hy- 

pothesis was rejected would the effect of popula- 

tion change between years need to be deter- 

mined. 

Within-Year Differences 

The effect of observer (old versus new) on 

numbers of woodcock heard on routes run in the 

same years was tested by using an analysis of 
variance. Observer effect was not significant 

i? < 0.05) in any of the analyses for either the 
rangewide or regional level (Table 3). 

Based on the results of these analyses, it was 

concluded that a change in whbservers is not a 

valid or necessary criterion for rejecting singing- 

ground survey data. These findings and conclu- 
sion are consistent with those of Enemar et al. 

(1978), who postulated that observer bias is insig- 
nificant in bird census work done on a large 
scale. Scale is a key consideration here. If one 

were analyzing data from one route or a small 

sample area, then the effect of observer change 
may be important. However, for management 
purposes, which emphasize regional summaries 
and statistics, the FWS will no longer exclude 

data solely because the observer changed be- 
tween years. 

Times for Starting and 
Ending Woodcock Routes 

Several early workers, including Pettingill 
(1936), Mendall and Aldous (1943), and Pitelka 
(1943), reported that woodcock begin evening 

courtship perfortances when light intensity is 
about 21.5 Ix (2 fe), a light level that generally 
occurs within several minutes after official sun- 
set, depending on atmospheric conditions. 
Courtship performances last about 45 min. Duke 
(1964) studied the relation between time after 

official sunset and the onset and cessation of 

courtship activities and recommended that 
woodcock counts start 22 min after official sunset 

(15 min when cloud cover exceeds 75%). His 

Table 2. Test results for the hypothesis that the mean difference between the numbers of woodcock 
heard in two consecutive years by different observers equals zero. 

Range wide 1271 0.043 

Eastern Region 529 -0.021 

Central Region _ 692 _ 0.087 

; SD 7 to PR>t 

4.194 0.37 0.713 

3.456 0.14 0.885 
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Table 3. ANOVA results testing effect of ob- 
server (old versus new) on the number of 
woodcock heard on routes within years. 

Source of variation F value PR>F 

Rangewide 

Observer 2.96 0.0852 

Year 3.33 0.0002 

Region 53.42 0.0001 

Observer-Year Interaction 1.61 0.0878 

Observer-Region Interaction 0.03 0.8602 

Year-Region Interaction 238 0.0062 

Observer-Year-Region Inter- 

action 0.88 0.5615 

Easte’n Region 

Observer 2.26 0.1332 

Year 1.20 0.2793 

Observer-Year Interaction 1.40 0.1645 

Central Region 
Observer 1.00 0.3170 

Year 438 0.0001 

_Observer-Year Interaction 1.13 0.3312 

study also resulted in the present practice of con- 
sidering stops as being acceptable for compari- 
sons if they were made between 19 and 57 min 
after official sunset (12-50 min when cloud cover 
exceeds 75% ). 

The appropriateness of these recommended 
start times and intervals of acceptance was eval- 
uated by plotting mean numbers of woodcock 
heard per minute after sunset. Ideally, the count 
at the first stop on a route should begin at the 
recommended start time, and succeeding stops 
should be at 3-min intervals (2 min for listening, 
1 min for travel). Not all observers start at pre- 
cisely the recommended time and, for various 
practical reasons, times between stops are fre- 
quently 4 min or more. As a result, most routes, 
although acceptable, are not run ideally. This 
variation in start times and stop intervals enabled 
points outside the range of acceptability to be 
plotted. 

Mean numbers of woodcock heard per minute 
after sunset were plotted (Fig. 3). Observations 
from routes run with a recommended start time 
of 15 min after sunset were adjusted (+ 7 min) 
and included in the celculation of each point, but 
stop numbers were di.szegarded in the analysis. 
The recommended start time of 22 (or 15) min 

after sunset appears to be appropriate, and the 
range of acceptability (19-57 or 12-50 min) 
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MINUTES AFTER SUNSET 

Fig. 3. Mean numbers of woodcock heard singing per 
minute after sunset. Brackets enclose the range of 
acceptability. Arrow indicates recommended start 
time. 

appears to be conservative. The variation seen in 
points at the right end of the plot is most likely a 
result of small sample sizes (less than 50 observa- 
tions). For most points, though, sample sizes 
were large, ranging from several hundred to 
8,451 observations for the 22nd minute. | 

Mean numbers of woodcock heard per minute 
after sunset were also plotted using data only 
from ideally run routes. As a result, sample size 
was eliminated as a source of variation, allowing 
examination of the distribution of woodcock 
heard calling by stop (Fig. 4). Duncan's multiple 
range test (Duncan 1955) was used to test for 

differences among the means per stop; it showed 
that the mean numbers of woodcock heard on the 
first three stops were less (P<0.05) than all of 

the others. Consequently, final conclusions can- 
not yet be drawn regarding start times and 
acceptance intervals. The potential bias of the 
differing stop means will be investigated further, 
and the merits of widening the acceptance range 
will be considered. 

MEAN NUMBER 

8 

Fig. 4. Mean numbers of woodcock heard singing by 
stop on ideally run routes. Stops 1, 2, and 3 differ sig- 
nificantly (P < 0.05) from the rest. 
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Summary 

Preliminary results of an assessment of proce- 

dures used to analyze singing-ground survey data 

indicate that: (1) woodcock count data fit the 

negative binomial probability distribution, (2) 
the numbers of singing woodcock heard by new 

and old observers do not differ significantly, and 

(3) recommended starting times for counting 

woodcock are appropriate The second finding is 
of particular importance because it enables a 
more complete and efficient use of survey data, 
and it eliminates automatic rejecuon of data if 
the observer changed between vears. Additional 

work remains to be done to refine criteria for 

accepting data to be used in analyses. However, 
it appears likely that the practice of using only 
comparable data to calculate an index of the 
woodcock population wil! be discontinued. 
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Abstract 

Woodcock (Philohela minor) bandings and recoveries from 1967 to 1977 were analyzed 

from two large banding reference areas corresponding to existing Eastern and Central 

harvest units. We examined temporal, age specific, sex-specific, and ic variation 

in both survival and recovery rates, using recently developed stochastic models. Survival 
rate estimates for females were higher thar. those for males, and higher for adults than for 
young. There was no significant difference in recovery rates between young and adults. 

Recovery rates of Eastern unit birds were higher, and overall survival rates were lower 
than those of Central unit birds. Survival rate estimates were used with crude production 
rate estimates in a simple modeling effort, and resulting rates of population increase were 
1.2 to 1.3 times higher in the Central reference area. 

In a recent study (Coon et al. 1977), t-vo har- 
vest units (Eastern and Central) were identified 

for the Amevican woodcock (Philohela minor) in 

the United States; only 3% of the harvested 
woodcock from either unit was recovered outside 
the unit of origin. No regional analysis, however, 
has yet been published on woodcock survival and 
recovery rates. Martin et al. (1969) presented 

survival and recovery rate estimates from winter 

bandings of woodcock in Louisiana, and the 
large number of preseason bandings from Maine 
have also been analyzed (Krohn et al. 1974). 

The purpose of the present paper is to present 
survival and recovery rate estimates from presea- 
son banded woodcock in each of two banding 

reference areas (corresponding closely to the two 

harvest units) and to examine potential sources of 
variation in these rates. Specifically, we examine 
temporal, age-specific, sex-specific, and geo- 
graphic variations in both survival and recovery 
rates. The motivation for this analysis derives 
from a need to understand woodcock population 
dynamics in general and to determine whether 
any regional differences in survival and recovery 

rates exist in American woodcock. We also 
estimate production rates and use simple popula- 
tion projection models to further contrast the two 
banding reference areas. 

Data Source and Methods 

Banding and recovery information was ob- 
tained from the U.S. Fish and Wildlife Service 
Bird Banding Laboratory, Laurel, Maryland. 
Sample size limitations generally make it impos- 
sible to study population dynamics of birds 
banded at single banding stations. We therefore 
combined woodcock bardings from the same 
general geographic area with similar recovery 
distribution patterns into banding reference 
areas. Recoveries of woodcock banded as 
normal, wild birds during the prehunting season 
period (1 April to 31 August) and reported shot or 
found dead during a subsequent hunting season 
(1 September to 15 February) from 1960 to 1977 

were used to define the reference areas. Bandings 
and recoveries were mapped by degree blocks of 
latitude and longitude to delineate areas with 
similar recovery distributions. An Eastern and a 
Central reference area (one in each harvest unit) 
were established (Fig. 1), and subsequent analy- 
ses were performed on the bandings and recover- 
ies from these areas. 

Survival and recovery rates were estimated by 
using the methods and algorithms developed by 
Brownie and Robson (1976) and Brownie et al. 

(1978). Relatively short banding periods are 
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Fig. 1. Location of the Eastern and Central handing 
reference areas. 

highly desirable when these estimation models 
are used (e.g., see Brownie et al. 1978:184), and 
thus we used a data set that was more restricted 
than the one used to establish the reference areas. 
The banding period for the new data set was de- 
fined as the 3-month period extending from 
1 May to 31 July. Recoveries were restricted to 

the hunting season, which we defined as extend- 
ing from 1 September to 15 February. We also 
restricted the analysis to birds banded from 1967 
to 1977. Reasonably large numbers of annual 
bandings and recoveries are required by these 
estimation models, and woodcock bandings 
before 1967 did not meet the sample-size require- 
ments. We also eliminated all bandings and re- 
coveries from High Island (Whitcomb 1974) in 
Michigan because that population was subjected 
to artificially high harvest rates due to the nature 
of ongoing research there. 
We used the series of models in Brownie et al. 

(1978:56-90), which allow the we of bandings 
and recoveries from both young and adult birds. 
All birds banded in their first summer of life are 
defined as young, and all other birds are defined 
as adults for purposes of this analysis. Thus, we 
were able to obtain information on the survival 
and recovery rates of both age groups and to test 
for differences between groups. 

Hypotheses about variation in survival and re- 
covery rates were tested by using z-test statistics 
(Brownie and Robson 1974; Brownie et al. 

1978: 180-182). Small sample size properties of 
these test statistics are not well understood, but 
here we followed other workers and assumed 
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that they were approximately distributed as nor- 
mal (0, 1) under the null hypothesis in each test. 

Survival and Recovery Rates 

Parameter Estimates 

Woodcock banding data are not especially 
well suited for use with the models of Brownie et 

al. (1978:185) because of the relatively small 

sample sizes of bandings (especially of adults), 
and because of the overal! low recovery rates. 

These problems are reflected by the rather large 
sampling standard errors associated with the 
parameter estimates (Tables 1, 2). There is also a 
considerable difference in the character of the 

data sets from the Eastern and Central areas; the 
former set is characterized by larger sample sizes 
and generally smaller standard errors. Despite 
these potential problems, the estimates presented 
in Tables 1 and 2 appear reasonable and repre- 

sent the best data available for woodcock. We 
therefore proceeded to investigate sources of 
variation in survival and recovery rates. 

Sex-specific Variation 

The mean recovery rate for young females was 

significantly larger (P < 0.05) than that for 
young males in the Eastern reference area (Table 
3). Although this was the only significant differ- 
ence, the mean recovery rate estimates were 
larger for females than for males in all four data 
sets. We computed a composite Z-statistic (com- 

n 

posite Z = r 4! va, where n is the number of 
i= 

individual z-test statistics included in the com- 
posite statistic) for all four data sets as Z = 2.39, 
indicating significantly (P < 0.05) higher recov- 
ery rates for females. We therefore concluded 
that recovery rates tend to be higher for females 
than for males, although the magnitude of this 
difference may vary among az classes and areas 
and seems to be most pronounced in young birds. 
When we consider possible sex-specific differ- 

ences, it is perhaps important to recall the defini- 
tion of recovery rate. Recovery rate represents 
the prot ‘ility that a banded bird alive at the 
midpoint of the banding period in year t survives 
until the hunting season of year t and is then shot 
and its band reported to the Bird Banding Lab- 
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Table 1. Estimates of survival and recovery rates of woodcock banded preseason in the 

Adults Young 

Recovery rate Survival rate Recovery rate Survival rote 

Sex Year Estima'e SF. Estimate SE Estimate SE Estimate SE 

Male 1967 0.011 0.011 0.494 0.301 0.016 0.011 0.350 924 

1968 0.048 0.020 0.490 0.284 0.036 0.014 0.092 0.097 

1949 0.040 0.015 0.512 0 216 0.038 0.013 6.265 0.211 

1970 0.016 0.007 0.280 0.143 0.019 0.008 0.170 0.105 

1971 0.038 0.010 0.247 0.107 0.051 0.010 0.164 0.081 

1972 0.036 0.009 0.362 0.138 0.023 0.007 0.268 0.107 

1973 0.044 0.011 0.208 0.096 0.030 0.007 0.183 0.082 

1974 0.054 0.018 0.237 0.167 0.025 0.005 0.128 0.102 

1975 0.041 0.024 ~ - 0.026 9.013 ~ - 

Mean” 0.036 0.005 0.354 0.052 9.029 0.003 0.202 0.048 

Female 1967 0.061 0.030 0.174 0.185 0.023 0.013 0.608 0.327 

1968 0.027 0.015 0.907 0.507 0.100 0.032 — - 

1969 0.020 0.009 0.391 0.188 0.048 0.017 0.083 0.085 

1970 0.043 0.013 0.398 0.178 0.052 0.613 0.231 0.127 

1971 0.034 0.010 0.314 0.117 0.021 0.068 0.348 0.128 

1972 0.034 0.009 0.694 0.235 0 030 6.009 0.530 0.192 

1973 0.029 0.008 0.559 0.269 0.044 0.010 0.351 0.177 

1974 0.038 0.016 ~ - 0.048 0.015 ~ ~ 

Mean‘ 0.036 0.005 0.491 0.073 0.046 0.007 0.358 0.077 

>Data set included 1,703 bandings and 97 recoveries for adults and 2,876 bandings and 125 recoveries for young. 

©Data set included 1,368 bandings and 93 recoveries for adults and 1,968 bandings and 130 recoveries for young. 

oratory. The approxi:aate midpoint of the wood- 

cock banding period is 15 June, and the hunting 
season does not begin until September. The 
apparent difference between male and female re. 
covery rates could therefore be indicative of 

either of two possibilities: (1) that males and 

females have similar probabilities of surviving 

unti' the hunting season, and that females are 

more vulnerable to shooting than males, or (2) 

that females are not more vulnerable to shooting 

than males, but that their survival probabilities 
over the 15 June-September period are greater 

than those of males (see subsequent inferences 
about sex-specific variation in survival rates). We 

cannot distinguish between these two possibilities 
on the basis of available data. 

Krohn et al. (1974) examined data for wood- 

cock banded in Maine and concluded there was 
no variation in recovery rates associated with 

either age or sex, but they apparently performed 
no z tests. Their analysis differed from ours in 
two other respects. The geographic area they 
used was smaller than our Eastern reference 
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area, and the resultant smaller saniple sizes al- 
most certainly resulted in less power to detect 
true differences. A reexamination of their data 
base indiceted that they included bandings from 
a large portion of each year (i.e., they used a 6-to 
7-month banding period), whereas we chose a 
restricted banding period, as suggested by 
Brownie et al. (1978:184). 

The null hypothesis (no difference between 
survival rates for males and females) could not be 

rejected for any of the four data sets tested (Table 
3). The power of these individual tests, however, 
was quite low (probability to detect a true differ- 
ence between survival rates of 0.10 with signifi- 

cance level a = 0.10 ranged from 0.14 to 0.28) 

because of the poor precision of the survivai esti- 
mates. The estimates of mean survival rate were 

considerably higher (about 0.12) for females 
among young and adult birds from the Eastern 
reference area and for adults of the Central area 

(Table 3). The composite test statistic for young 

and adults indicated a significant difference in 

the Eastern area (Z = 1.83, P < 0.10), which 
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Table 2. Estimates of survival and recovery rates of adult and young woodcock banded preseason 
in the Central reference area.* 

Adults Young 

Recovery rate Survival rate Recovery rate Survival rate 

Sen Year Estimate SE Estimate SE Estimate SE Estimate SE 

Male 1969 0.021 0.021 - - 0.016 0.016 0.355 0.290 
1970 0.044 0.024 6.352 0.323 0.089 0.023 6.270 0.228 
1971 0.029 0.022 0.992 1.013 0.014 0.010 0.597 0.539 
1972 0.015 0011 0.247 0.262 0.011 0.006 0.181 0.179 

1973 0.017 0.012 0.340 0.370 0.006 0.004 0.709 O44 

1974 0011 0.008 0.077 0.086 0.012 0.005 0.169 0.089 
1975 0.060 0.028 0.689 0.759 0.630 0011 0.430 0.458 
1976 0.023 0.023 0.106 0.15 0.037 0.014 0.142 0.122 

1977 0.060 0.029 - - 0.013 0.006 - _ 
Mean" 0.031 0.007 0.40 0.15 0.055 0.004 0.356 0.124 

Female 1969 0.036 0.035 0.195 6.199 0.029 0.029 0.321 0.239 
1970 0.065 0.030 1.182 0.916 0.100 0.030 0.453 0.382 
1971 0 026 0.019 0.397 0.548 0.031 0.022 0.539 0.483 
1972 O.0l4 0.009 0.324 0.226 0.018 0.010 0.191 0.129 

1973 0.031 0.014 0.822 0.458 0.026 0.010 9.178 0.120 
1974 0.028 0.012 0.169 0.089 0.004 0.004 0.157 0.076 

1975 0.079 0.028 0.609 0.324 0.041 0.018 0.548 0.282 
1976 0.082 0.032 0.3% 0.244 0.018 0.013 0.119 0.136 
1977 0.059 0.033 _ - 0.020 0.012 = - 

Mean 0.047 0.008 0.525 — (0.096 0.032 0.006 0.313 0.094 

*Estimates were obtained from Model H, of Brownie et al. (1978:59-64). 

>Data set included 549 bandings and 24 recoveries of adults and 2.342 bandings and 86 recoveries of young. 

©Data set included 563 bandings and 49 recoveries of adults and 1,273 bandings and 64 recoveries of young. 

had the most precise parameter estimates, but 
not in the Central area. The composite test statis- 
tic for both age classes in both areas approached 
significance (Z = 1.51, P = 0.13). Thus, there 
was an indication of a difference despite the low 
power of the tests, and we concluded that the 
survival rates of female woodcock tend to be 
higher than those of males. 

From recaptures of birds banded in previous 
years on a Maine study area from 1976-79 
(Dwyer, unpublished data), we also have in- 

direct evidence that females live longer than 
males. Each year the average minimum age (all 

birds first captured as after-second-year were 
assumed to be 3 years old) of returning males to 
the Maine area was 2.1 years, whereas females 
averaged 2.7 years. 

Although female woodcock tend to have 

higher recovery rates than males and may be 
more vulnerable to harvest by the gun (if report- 
ing rates and survival from banding until the 

hunting season are equal between sexes), some 

aspect of natural mortality in this species must 
take a much higher toll of males than of females. 

Alison (1976) presented records of three male 
woodcock that died in 1975 during an early 
spring snowstorm in Ontario. Mortality to males 
on their breeding grounds due to inclement 
weather early in the breeding season may be 
common in American woodcock. In the northern 
part of the breeding range, males arrive before 

females, often when nighttime temperatures are 
still below freezing, and undergo the stress of 
establishing territories and conducting courtship 
flights when the ground may still be frozen 
and/or snow covered. During the courtship per- 
iod, males are at the lowest point in their annual 
weight cycle (Owen and Krohn 1973; Whitcomb 

1974; Dwyer unpublished data) and could there- 
fore be more susceptible to death through starva- 
tion during early spring storms. Males are also 
probably more prone to predation than females 
because they advertise their presence so conspic- 
uously on their singing grounds (Sheldon 1967). 
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Table 3. Results of testing hypotheses regarding sex-specific variaticn in woodcock recovery 
and survival rates. 

Reference area Aze Years ffs Z P S,-S., Z P 

Eastern Adult 1967-74 0.000 0.03 0.97 0.121 1.31 0.19 

Young 1967-74 0.016 2.41°° 0.02 0.125 1.28 0.20 

Central Adult 1969-77 0.016 1.42 0.16 0.125 0.70 0.45 

Young 1969-77 0.co7 0.92 0.37 —).044 —).28 0.78 

*Results of a z test (Brownie et al. 1978: 180-182) testing the null hypothesis that recovery rates for males and 

females were similar. The difference between the mean annual recovery rates of males and females is denoted by 

fe-byy. 
>Results of a z test (Brownie et al. 1978:180-182) testing the null hypothesis that survival rates for males and 
(ie 
Se ~ Sy. 
**0.01 < P < 0.05. 

Age-specific Variation area females indicated significant (P < 0.10) 
age-specific variation, and the statistic for fe- 

Three types of tests were used to investigate males in the Central area approached signifi- 
possible age-specific variation in survival and re- cance (Table 4). 
covery rates of woodcock. First, «e used the like- We further examined possible age-specific 
lihood ratio test of models H, vs. H,, suggested variation through separate tests of the hypothesis 
by Brownie et al. (1978:87-89). This basically that recovery rates and then survival rates dif- 
tests the null hypothesis that both survival and fered between ages. The z-test statistics provided 
recovery rates are similar for young and adults, no evidence of a consistent difference between re- 
versus the hypothesis that survival and/or recov- covery rates of young and adults (Table 4). The 
ery rates of adults and young differ. This test pro- approximate power of these tests, with respect to 
vided no indication of age-specificity of these a true difference of 0.01, between recovery raies 
parameters among males of either reference area ranged from 0.25 to 0.50. However, the null 

(Table 4). However, the test statistic for Eastern hypothesis of no difference between young and 

Table 4. Results of testing hypotheses regardiag age-specific variation in woodcock recovery 
and survival rates. 

Survival and 

area Sex Years df x" P oiyefy Zz P &-S 2 P 

Eastern M 1967-75 i8 1350 0.76 0.007 120 023 O.151 229°° 0.02 
F 1967-74 16 25.62" 0.06 0.010 -129 020 0.063 058 0.56 

Central M 196977 I7 1637 050 0.006 069 049 0043 028 0.78 
F 1969-77 I7 2286 0.15 0.015 139 0.16 O.212 189° 0.06 

*Results of a likelihood ratio test of model H, vs. H, (Brownie et al. 1978:88-89) testing the hypothesis that survival 

and recovery rates were similar for adults and young. 

>Results of a z test (Brownie et al. 1978: 180-182) testing the null hypothesis that recovery rates of adults and young 
were similar. The difference between the mean annual recovery rates of adults and young is denoted by f,-fy. 
Results of a z test (Brown, . <i al. 1978: 180-182) testing the null hypothesis that survival rates of adults and young 

were similar. The difference between the mean annual sc. vival rates of adults and young is denoted by §, — §,. 
*0.05 < P < 0.10. 

"0.01 < P < 0.05. 

,* ¢ 
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adult survival rates was significantly (P<0.10) 
rejected for both Eastern area males and Central 

area females (Table 4). Mean survival estimates 
were higher for adults in all data sets, and a com- 

posite test statistic over all sets indicated a signifi- 
cant difference (Z = 2.52, P < 0.05). Thus, we 
concluded that survival sates of adult woodcock 
tend to be higher than those of young, although 

the magnitude of the difference may vary by sex 

and area. 

The conclusion that young woodcock are not 

recovered at a higher rate than adults is in con- 
trast to the general finding of age-specific vulner-. 

ability to hunting for waterfowl species (Ander- 
son 1975). Krohn et al. (1974) concluded that a 

similar pattern of no age-specific variation in re- 
covery rates existed for preseason banded wood- 
cock from Maine. Goudy et al. (1970) concluded 
that in the woodcock population of Canaan Val- 
ley, West Virginia, immature males were the 
most vulnerable to shooting, but they apparently 
did not rely on straightforward tests between 

pairs of recovery rates to draw this inference, and 
they noted potential sources of error in their 

methodology. Again it is important to recall the 
definition of recovery rate and to remember the 
importance of June-September survival to its 
interpretation. 

Because overall survival rates are higher for 

alults, and because recovery rates do not seem to 
vary with age, young of this species must be sub- 

jected to greater natural mortality than adults. 
We have no information, however, as to when or 
where this natural mortality occurs (e.g., on the 

wintering ground or during migration). 

Geographic Variation 

We computed z-test statistics for each age-sex 
class to test the null hypothesis that recovery rates 
were similar for woodcock from Eastern and 
Central reference areas. The null hypothesis 
could not be rejected for any age-sex class (Table 

5). The approximate power of these tests (corre- 
sponding to a true recovery rate difference of 
0.01 and a = 0.10) ranged from 0.25 to 0.51. 

The actual mean recovery rate estimates were 
slightly higher in the Eastern area for three of the 
four age-sex classes. However, although we com- 

puted a composite test statistic over all classes, 
the null hypothesis still could not be rejected, 

A substantial number of bandings in the East- 

ern reference area came from the Moosehorn Na- 

tional Wildlife Refuge in Maine, where wood- 

cock hunting is prohibited. We therefore elimi- 
nated all Moosehorn bandings, computed direct 
recovery rates. and again calculated z-test statis- 
tics for each age and sex class. Only data from 
1970 to 1974 could be used in this analysis be- 

cause sample sizes were too smaii in other years. 

Recovery rates for adult males, young males, 
and young females were significantly higher 

(P = 0.01, P = 0.02, and P = 0.09, respec- 
tively) in the Eastern reference area. Recovery 
rates for adult females were not different be- 

tween the two regions. A composite Z test showed 
a significantly (P < 0.001) higher overall recov- 
ery rate for the Eastern area. 

We also tested the null hypothesis that survival 
rates were similar for woodcock from the two 

areas. The null hypothesis could not be rejected 
for any age-sex class (Table 5). Approximate 
powers (corresponding to a true survival rate dif- 
ference of 0.10 and a = 0.10) were extremely 
low, ranging only from 0.14 to 0.16. In all four 
age-sex classes, the mean survival rate estimate 

was lower for Eastern woodcock than that for 
Central birds (Table 5). For all classes except 
young females, the difference was substantial. A 
composite test statistic over all age-sex classes 
approached significance (Z = -1.56, P = 
0.12). The lack of precision of our survival esti- 
mates and the resulting low power of our hypo- 
thesis tests hampered our ability to investigate 
possible geographic variation in survival rates. 
Our results, however, lead us to suspect that sur- 
vivai rates of woodcock in the Eastern unit are 
lower than those of birds in the Central unit. 

Regional comparisons of recovery rates often 

permit inferences about comparative harvest 
rates. Our analysis indic~ ‘es that recovery proba- 

bilities for birds from .e Moosehorn National 
Wildlife Refuge differ from those for the rest of 

the Eastern unit. Although this heterogeneity of 

recovery rates does not bias survival estimates or 
create problems with recovery rate tests within 
reference areas, it does result in misleading com- 

parisons between recovery rates for the reference 
areas. After eliminating Moosehorn bandings, 

the evidence is quite strong, for a small sample of 
years, that Eastern reference area birds are har- 
vested at a higher rate than Central area birds (if 

reporting rates and survival from banding until 
the hunting season are equal between the areas). 
The comparison of regional survival rates pro- 
vided some indication that overall survival rates 
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Table 5. Rests of testing hypotheses regarding differences in woodcock recovery and survival 

rates between the Eastern and Central reference areas. 

Recovers rates* 

Age-sex class Years f . f, Z 

Adult M 1969-75 0.011 1.16 

Young M 1969-75 0.005 0.78 

Adult F 1969-74 OUD 41.04 

Young F 1969-74 0.006 0.0 

Survival rates” 

P &. -¢ Z P 

0.235 4.135 1.79 0.43 

0.43 4). i184 -1.20 0.23 

0.97 0.153 4.95 Les | 

Os ).028 18 0.85 

*Results of a z test (Brownie et al. 1978: 180-182) testing the null hypothesis that recovery rates of Central and 

Eastern woodcock were similar. The difference between mean annual recovery rates for the two areas is denoted 

by f, ~ f,.. 

»Results of a z test (Brownie et al. 1978: 180-182) testing the null hypothesis that survival rates of Central and 

Eastern woodcock were similar. The difference between mean annual survival rates for the two areas is denoted 

by Sp - Se. 

may be lower for Ezstern unit birds. We have no 

evidence about what factors (hunting or non- 
hunting) might be responsible for this difference. 

Temporal Variation 

We were interested in learning whether sur- 

vival and recovery rates varied over time or re- 
mained constant from year to year. We first used 
a2 x nchi-square test to test the null hypothesis 
that direct (first hunting season after banding) 
recovery rates were constant from year to vear. 
This hypothesis was not rejected (P > 0.10) for 
any of the adult data sets, and a composite test 
statistic for all aduits (obtained by summing chi- 
squares and associated degrees of freedom) was 
also nonsignificant (? > 0.10). However, three 

of the four data sets for young birds showed sig- 
nificant (P < 0.05) temporal variation (Table 6). 
The hypothesis tests for young birds were much 
more powerful than those for adults because of 
the substantially larger sample sizes. 

Temporal variation in survival rates was 
examined by means of the likelihood ratio test of 
models H,, vs. H, (Brownie et al. 1978:87). Spe- 

cifically, we tested the hypothesis that recovery 
rates vary temporally but that survival rates are 
constant versus the hypothesis that both survival 
and recovery rates vary temporally. Although 
the test statistics for males were nonsignificant 

(Table 6). those for Eastern females were signifi- 
cant (P < 0.10), and those for Central females 
approached significance (P = 0.11). Thus, there 
is some evidence of temporal variation in survival 
rates for females, but not for males. 

Population Model 

A knowledge of survival rates alone does not 

permit inferences to be made about rates of 
population change. Such inferences also require 
information on reproductive or production rates. 
We attempted to obtain crude estimates of pro- 
duction by using a method commonly employed 

in continent-level studies of mijratory bird popu- 
lations (see Martin et al. 1979-207). This method 
involves estimating the age ratio in a sample (our 
sample consisted of wings provided by hunters) 
and the differential probability of being sampled 
(estimated as the ratio of recovery rates of young 
to adult banded birds), and then “correcting” the 

sample ratio by the differential sampling proba- 
bility. 

Because of the discrete nature of the Eastern 
and Central woodcock populations of North 
America (Coon et al. 1977), we assumed that all 
woodcock produced in the Eastern reference area 
were harvested in the Eastern harvest unit and 
that all birds from the Central reference area 
were harvested in the Central harvest unit. We 

also assumed that the characteristics (particu- 
larly age structure and differences in age-specific 
recovery probability) of birds from the two 
handing reference areas were representative of 
all the birds from which the wing samples from 

the Eastern and Central harvest units were de- 

rived. Although this assumption is probably not 

strictly true, we believe it is reasonable for our 
purposes. 

The age ratios (we used young/adult female) in 
the harvest were obtained from unweighted wing 
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Table 6. Results of testing hypotheses regarding temporal variation in woodcock recovery 
and survival rates. 

Recovery rates* 

Ref Adults 

arce Sev Years df x’ P 

Eastern M 1967-75 8 11.72 0.16 

F 1967-74 7 243 Os 

Central M 1969-77 8 11.10 OD 

F 1969-77 7 675 6.56 

. Survival rates 

(young and adult) Young 

df x* P ad x P 

Ss 1107 om 56 783 0.93 
7 15.06" §=60.04 13° 21.47" 0.06 

8 6.59°7° 000 lt 1334 O59 
8 wie’ 600 4 W076 O1 

*Results of 2 « n contingency tests of the null hypothesis that direct (first-year) recovery rates were constant from 

year to vear. 

*Results of likelihood ratio tests of model H,, vs. H, (Brownie et ai. 1978-87), testing the hypothesis that recovery 
rates varied temporally but that survival rates were contant versus the hypothesis that both survival and recovery 

rates varied temporally. 

006 < P< 0.10. 

"O01 < F< 0.665. 

"e*P < OO. 

survey data published in the woodcock status re- 
ports (e.g.. Artmann 1977:Table 5). We com- 

puted harvest age ratios for each of the two har- 
vest units. Estimates of differential vulnerability 
were then obtained as the ratio of young to adult 

female recovery rates (Tables | and 2) for the 
two banding reference areas. The harvest age 

ratios were then divided by the differential vul- 

nerability ratios, and production rates were 
estimated. 

Because of the variability of the data, we com- 
puted production rates in two different ways as a 
check on consistency. One procedure involved 
computing annual production rate estimates 
using annual estimates of harvest age ratio and 

differential vulnerability, and then computing a 
mean production rate from the annual estimates. 

The otner procedure involved direct computa- 
tion of a production rate estimate, using mean 

estimates of harvest age ratio and differential 
vulnera)ility. Although these two computational 
methods vielded estimates which differed (al- 
though not greatly), the Eastern estimate was 

consistently lower than that for the Central area. 
We have already noted that some of the assump- 
tions required in our estimation methodology 
were not strictly met. In addition, both ratios re- 
quired in our procedure (harvest survey wing age 
ratios and recovery rates of banded birds) were 
estimated and contain sampling variation. 

Despite our uncertainty about the accuracy of 
the production rate estimates, we chose to use 

them in conjunction with our survival rate esti- 
mates in a simple modeling effort. We used a 
population projection matrix (see Martin et al. 
1979:215-218) v ‘ich assumed constant survival 
and production . ates over time and a sex ratio of 
young birds in both populations of 50% males. 
Asymptotic rates of population increase (ratios of 
population size in successive years) computed 
with the model were 1.2 to 1.3 times higher for 

the Central area, depending upon which produc- 
tion rate estimates were used. This result should 
be viewed with some caution because of the 
assumptions required (e.g., constant production 
rates) and because of the considerezble sampling 
variation associated with the survival and 
production rate estimates. Nevertheless, our 
modeling results are consistent with evidence 
provided by other authors that there are impor- 
tant differences between Eastern and Central 
woodcock populations. For example, singing- 
ground surveys conducted in the two regions 
(Artmann 1977; Tautin, personal communica- 
tion) show different trends, with the Eastern unit 
breeding population index showing a consistent 
decline over the past 10 years. Also, Krohn et al. 
(1974) expressed concern over the low survival 
rates of a large group of woodcock banded in 
Maine. 

Conclusions 

Results of our analysis indicate that survival 
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rates of Eastern woodcock are lower but that re- 
covery rates are higher than those of Central 
woodcock. Annual production rate estimates 
were also lower for Eastern unit woodcock, and 

our simple modeling effort indicates differences 
in rates of population growth for the two regions. 
Although our production rate data and popula- 
tion projections are subject to many potential 
biases, there nevertheless may be some cause for 
concern for the Eastern population of woodcock. 

Woodcock population dynamics in general are 
unlike those of other migratory game birds that 

have been subjected to intensive study. Unlike 
most waterfowl species, female woodcock exhibit 
higher survivorship than males, and there apears 
to be no age-specific difference in vulnerability to 
shooting. Woodcock, especially young males, 
show quite high annual mortality rates. This 

species characteristic may prove to be the most 
important in determining overall population 
structure. Because of these differences in popula- 
tion dynamics, we suggest that caution should be 

used in applying principles and concepts 
developed for waterfowl to the management of 
woodcock populations. 

Recovery rate estimates for woodcock seem i 

indicate that hunting mortality comprises a small 
amount of the total annual mortality. If band re- 
porting rates for woodcock are quite low, how- 
ever, the apparent low recovery rates for this 

species may be misleading. Estimates of crippling 
loss must also be applied to estimates of harvest 
rates to obtain true kill rates. Pursglove (1975) in- 
dicated that crippling loss could be as high as 
17% . Without reliable estimates ot band-r joit- 
ing rates and crippling loss, the relative impor- 
tance of hunting and nonhunting mortality to 

American woodcock cannot be accurately ascer- 
tained. Also, we note that even if the kill rate 

could be estimated, a knowledge of its magnitude 
would not permit inferences to be made about 
the effects of hunting on woodcock populations. 

We did not attempt to examine woodcock 
banding data for the effects of hunting on survi- 
val rates, as has been done for the mallard (Anas 

platyrhynchos) by Anderson and Burnham 
(1976) and Rogers et al. (1979) and for the can- 

vasback (Aythya valisineria) by Nichols and 

Haramis (1980). Woodcock hunting regulations 

have remained virtually unchanged during the 
period covered in our analysis, and the large 
sampling errors associated with our estimates 

would probably result in tests of extremely low 

power. 
Woodcock, especially adults, are difficult to 

band in sufficient numbers to obtain precise esti- 

mates of survival or recovery rates. Yet the 
popularity of woodcock as a hunted species and 

our best estimates of overall harvest have beer 
steadily increasing (Martin 1979). An adequate 
sampling frame of woodcock hunters would 
enable an accurate assessment of the actual har- 
vest and would provide information that could 
be used to obtain better production rate esti- 

mates. However, even the information provided 
by a harvest survey would not, by itself, be suffi- 

cient to provide an adequate measure of popula- 
tion status. Such a goal would require estimates 
either of population size or of both survival and 
production rates. 
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Abstract 

A formula for age determination for chicks of American woodcock (Philohela minor) 

has been in general use by investigators of woodcock breeding biology since 1967. A criti- 

cal assessment of this technique was made, using additional data from 184 examinations of 

127 chicks with known hatching dates. Regression techniques confirm the accuracy of this 

rule-of-thumb formula (age in days = bill length in millimeters - 14 + 2) for use with 

chicks until they reach 15 days of age. Additional data from at least two examinations of 

191 chicks whose age was not known support this conclusion, as well as furnishing a key 

(albeit less reliable) to aging chicks from 15 te 35 days of age. Records from a few sexed 

chicks indicated that the differential growth rates of males and females do not introduce 

any serious error in age estimation until at least 15 days of age. 

Hatching dates provide essential data on 
woodcock breeding biology, but they are diffi- 

cult to obtain. Probably the most productive 

source of such information is broods located with 

pointing dogs, a technique first used by Gus 

Swanson in 1937 (Mendall and Aldous 1943:140). 

The rapid y growing bills of chicks provide a 
practiczs means of calculating their ages with 

acce;'table accuracy. Pettingill (1936:324-326) 
was probably the first to measure the bill length 
of American woodcock chicks at hatching and in 

several growth stages; his work gave me the idea 
of using the technique to derive hatching dates. 

Previously I described a rule-of-thumb method 
for calculating hatching dates of woodcock 

chicks (Ammann 1967). The formula was de- 

rived from bill measurements of chicks whose 

hatching time was known to within 12 h and 

from bill measurements of some of the same 

chicks that had been recaptured one or more 
times; a graph of these measurements was in- 

cluded to illustrate the rate of growth. My pri- 
mary purpose at that time was to determine 
hatching peaks in various regions of Michigan to 

facilitate efforts by cooperators searching for 

broods with pointing dogs. In a later publication 

describing brood capture techniques (that also 
summarized and evaluated some of the results), I 

again mentioned the chick-aging method and 

illustrated it with a growth curve based on addi- 

tional data (Ammann 1973). 

The objective of the present study was to re- 

examine this aging technique on the basis of more 

recent information from Michigan and from 

several other states. In particular, more data are 

now available on older, flying chicks, including 

some that have been sexed. 

Data Source 

Measurements of chick bill lengths were ob- 

tained from broods found by game biologists or 

their assistants, under close supervision. For 20 

years I have searched for broods with pointing 
dogs, at first on a modest scale as part of (or in 

addition to) my work as a game bird specialist 
with the Michigan Department of Natural Re- 

sources. After retiring in 1974, I was able to in- 

tensify this activity (not only in Michigan but 

also in several other states, chiefly Alabama, 
North Carolina, West Virginia, Missouri, and 

Maine) and worked in cooperation with State or 

Federally funded woodcock investigators. In this 

paper, however, I have not included data from 
the southern states because of the possibility that 
the growth rates there differ from those of north- 

ern woodcock. 
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Except in a few instances, my co-workers and I 
did not attempt to capture the same broods re- 
peatedly. However, a number of broods were lo- 
cated again, and a few were found several more 

times, either by chance or with the express objec- 

tive of capturing hens or chicks that had been 
missed in the first search. 

Nests found during brood searches were 

checked frequently to increase the chance of find- 
ing the broods as soon as possible after hatching. 
Even so, it was seldom possible to determine to 

the hour when the chicks hatched because the 
hen normally broods chicks throughout both the 

hatching and drying-off period (probably several 

hours). The hen almost certainly then would lead 
the chicks away from the nest, within | or 2 h. 
The presence of an egg tooth on one or more of 
the chicks was taken to indicate a very recent 

hatch. 
I defined a “known-age” chick as one that was 

known to have hatched no more than 12 h before 
capture. Bill measurements of chicks captured 
within a few hours of hatching, and subsequent 
measurements, are the basis of the aging method 

described here. Ages of chicks at recapture were 
calculated to the nearest day. 

Two measurements or more were obtained for 

many additional chicks in all growth stages (from 

downy young to fully grown juveniles) whose 

hatching dates were unknown. These additional 

data were valuable when used in conjunction 
with the known-age data. The intervals between 

any two measurements for this group of chicks 
was also calculated to the nearest day. 

Growing chicks, 12 days or older, were sexed 
by outer primary width (Blankenship 1957: 
89-98). This method is not entirely reliable and is 
subject to the same error as that for fully grown 
woodcock sexed only by the primaries. Some 

chicks of unknown age were also collected and 

sexed by dissection. When chicks were recap- 
tured in summer or fall as full-grown juveniles, 
they were sexed externally. The most reliable 
data were provided by dissection or by external 
sexing of juveniles. 

The exposed culmen (from the anterior end of 

the bill to the posterior end of the “V” on the 
exposed portion of the upper mandible) was mea- 
sured to the nearest 0.5 mm with calipers or with 

a millimeter rule. Because all chicks were banded 
when first captured, they could be positively 

identified at recapture. 

Table 1. Examinations of known-age woodcock 
chicks performed in the first 15 days after 
hatching. 

____Numberof 

Examination frequency Chicks _ Examinations 
At hatching only 76 76 

At hatching and one or 

more times thereafter 32 88 

Only after hatching, one 

or more times 19 20 

Totals il 

Known-Age Chicks 

Hatching dates were determined for 38 
broods. Of these broods, 6 were not located until 

several days after hatching and 21 were never 

contacted again after they were discovered at 
hatching. Some of the 127 known-age chicks 

were examined more than once (total, 184 exami- 
nations; Table 1). 

Bill Length At Hatching 

At hatching, the mean bill length of 108 chicks 
(in 32 broods) was 14.32 mm (range 10 to 
16 mm), with 95% confidence limits of + 0.19. 

Two chicks in different broods, with bill lengths 
of 10 and 1! mm, appeared to be distinctly 
smaller than their broodmates and probably 
should be regarded as abnormal, or runts; such 

occurrences are rare. In all of the other broods, 

bill lengths seemed quite uniform among chicks 

of each brood. In 15 broods of 4 chicks each, only 
5 had a spread of 1.5 mm or more between the 
longest and shortest bill. With such small meas- 
urements under often difficult field conditions, 

some measurement error must be expected, 
although it probably was not significant for the 
purposes of the present study. In comparison, 
Pettingill (1936) examined 20 newly hatched 

chicks and reported bill lengths averaging 

14.7 mm (range, 13 to 19.5 mm). 

Bill Growth After Hatching 

The bill measurements of all the known-age 

chicks were studied by linear regression tech- 
niques. A linear equation was calculated from 
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Fig. 1. Growth of woodcock bills. Dots indicate chicks of unknown age. Sy:abols for sexed and known-age chicks 
are M or F = sexed by dissection or when captured as full-grown juvenile and (M) or (F) = sexed as a chick by 
outer primaries only; underlined symbols = sexed known-age chicks. 

these data to predict age as a function of bill 
length. The resulting equation is Y = 0.4808 

X - 6.769, where Y is the predicted age in days 
and X is the measured bii! length. One can calcu- 
late from the equation that a change of 
2.0799 mm in measured bill length (X) corre- 
sponds to a |-day change in predicted age (Y), 
which is in close agreement with the previous 
rule-of-thumb formula (age in days = bill length 
in millimeters - 14 + 2, where 14 represenis 
bill length at hatching and 2 the growth in milli- 
meters per day). 

Unknown-Age Chicks 

Two or more bill measurements were obtained 
from 191 chicks whose hatching dates were un- 
known and whose bills were 45 mm or less. All of 

the chicks in each brood were aged the first time 

they were captured by applying the rule-of- 
thumb formula to the average bill length of the 
chicks in the brood. From capture dates I then 
calculated the presumed age of each chick when 

it was recaptured. A plot of some recapture data 
(Fig. 1) enables evaluation of bill growth with 
reference to a constant increase of 2 mm/day 
(solid line,. The dots indicate chicks of unknown 
sex; chicks that were sexed and a few whose age 
also was known are represented by symbols. The 
digression of the dots and symbols from the 
straight line indicates how closely these data for 
chicks of unknown age agree with those for 
known-age chicks, and further validates the 
aging formula for chicks to at least 15 days of 
age. 

After about 15 days, the growth rate appar- 
ently decreases gradually until 40 to 45 days, 
when the bills are essentially fuliy grown. How- 
ever, after 15 days of age, chicks flush more read- 
ily and very few are captured by brood search- 
ing. The few older chicks that are captured can 
be aged approximately by referring to the 
curved, broken line in Fig. 1, until their bills 
approach full growth at about 69 mm. For 
example, a 55-mm bill would indicate a chick 
about 24 days old. 
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Sex Bias in Aging Chicks 

Because adult female woodcock have longer 
bills than adult males, we should expect this sex 
difference to show up at some time during the 
chick's growth. It’s possible, therefore, that a dif- 
ferential growth oi (he sexes might result in a bias 
when chicks are aged by the bill-length method. 
Inspection of Fig. 1, however, does not indicate a 
distinct tendency for the bill length of female 
chicks to exceed that of males until possibly at or 
after about 35 days. More data might show an 
earlier divergence. 

A different approach might be to compare bill 
lengths of chicks of both sexes occurring in the 
same brood, if all could be examined at the same 
time (chicks in a brood hatch almost simultan- 
eously). A cursory examination of chicks in 17 
broods ranging from 3 to 14 days old (estimated), 

each of which contained chicks of both sexes, 
showed no consistent tendency toward longer 
bills in the females. Although the female chicks 
had apparently outgrown their male broodmates 
by 1 to 7 mm (X = 3 mm) in7 of the 8 of these 
broods that were about 12 to 14 days old, only 10 
chicks of each sex were involved. All were sexed 
by the outer primaries alone, and the validity of 
these data is thus open to question. It appears, 
however, that we need not be concerned about 
errors in aging chicks up to at least 15 days on the 
basis of differential bill growth of the sexes, espe- 
cially if the average bill measurement for all the 
chicks in a brood js used for the computation. 
However, hens occasionally adopt chicks from 
other broods, and any chick whose bill length 
differs markedly from that of its broodmates 
should be viewed with suspicion. An adopted 
chick that is not the same age as its companions 
can usually be detected by comparing its 
plumage development, if not its size, with that of 
the other chicks. 

Conclusions 

A reassessment of the rule-of-thumb formula 

(age in days = bill length in millimeters - 

14+ 2) by linear regression techniques indicated 

that it is satisfactory for aging woodcock chicks 
captured by the brood-search method. Approx- 
imate ages of older, flying chicks can be obtained 
from the growth curve shown in Fig. 1. 
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Abstract 

The purpose of this study was to determine iae usefulness of color banding for the iden- 

tification of individual woodcock. Reflective color bands were placed on 302 birds cap- 
tured at singing grounds and/or summer fields. These marked birds were subsequently 

shined with an aircraft landing light to ascertain the color and position of the bands. Over 

500 observations made during a two-year period resulted in a successful identification rate 
of 86% . The mean distance at which birds were identified was 15.2 m (range = 3.05 to 

62.5 m). Woodcock showed little to no abberant behavior as a result of being spotted. 

Several researchers have pursued various 
methods for marking and subsequently identify- 

ing individual woodcock (Philohela minor 
Gmelin)(Ramakka 1972; Beightol and Samuel 

1973). If successful, such techniques would be in- 
strumental in studying behavior on singing 

grounds and in mark-recapture efforts to esti- 
mate populations. 

The use of sonagrams for the identification of 

individual woodcock has been the subject of sev- 
eral studies (Beightol and Samuel 1973; Courture 

and Bourgeois 1974). Findings from these 
studies, however, have been contradictory and 

inconclusive. Ramakka (1972) stated that radio 
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packs placed on displaying male woodcock se- 
verely reduced courtship activities and caused 
atypical breeding behavior. Plastic neck markers 
used by Westfall and Weeden (1956) appeared to 
be effective for several weeks. The authors, how- 

ever, did not discuss the possibility of increased 
predation or tag visibility at night. Richter and 

Liscinsky (1955) used leg bands covered with 

reflect. ve sheeting to mark birds. They identified 
individuals by illuminating the color bands in the 
beam of a five-celled flashlight. This study 

attempted to improve the reflective leg-band 
technique by using a brighter, more concen- 

trated light source and more efficient reflective 

materials. 



Study Area and Methods 

This study was conducted at McClintic Wild- 

life Station, 11 km north of Point Pleasant in 
Mason County, West Virginia. lhe area is 

bounded on the west by the Ohio River and on 
the east by a semicircular ridge system. This 

state-owned facility of 1,012 ha is characterized 

by abandoned cropiands with actively cultivated 

areas interspersed. Second-growth forests, open 

fields, and brushy regions are present in equal 
proportions on the area (Major 1973: Waggy 

1973: Bickerton 1979). 

Woodcock were captured on singing grounds 

and summer fields by using mist nets (Sheldon 

1967). nightlighting (Rieffenberger and Kletzly 

1967). and a modified nightlighting technique 

(B. P. Shissler 1980). A single U.S. Fish and 

Wildlife Service band and one to three reflective 

color bands were placed on each bird. These 

color bands consisted of unnumbered 3-A alum- 
inum alloy bands (National Band and Tag Co.. 

Newport, KY 41072) covered with Scotchlite re- 

flective sheeting (3M Corporation, 3M Center. 
St. Paul, MN 55101). The Scotchlite has a pres- 
sure-sensitive adhesive coating. 

Band position (e.g., right or left leg. both legs. 

or two on the same leg) plus diffezent color 

combinations were used to distinguish individual 

woodcock. The colors used were red. green. 

vellow. gold, blue, and black, allowing 552 leg 

positions/color combinations. All females 

received a single blue band. Each color band 

weighed approximately 0.4 g. 

A spotlight fashioned from an aircraft landing 

light was used to illuminate the birds (Rieffen- 

berger and Kletzly 1967) (Fig. 1). Woodcock dis- 

plaving on singing grounds were approached 

while they were airborne. the distance from 

which the bird was illuminated was determined 

by the observer, who considered intervening 

vegetation, band visibility, bird disposition, and 
time available. Birds were spotted both on the 

ground and in the air. 

Singing grounds were revisited ever. four 

days, and displaying woodcock were illumi- 

nated. Summer fields were nightlighted once 

each week from 18 May to 15 August 1979. Iden- 
tification distances were estimated in 1979, but 

marked and measured in 1980. 

Results 

Positive identifications were made in 83.9% of 

Fig. 1. Wluminated woodcock. showing reflective color 

band 

432 attempts at singing grounds (Table 1). Par- 

tial identifications were made in 9.8% of the ob- 

servations. The mean estimated spotting distance 
was 18.0 m (range = 4.50 to 61.0 m) and 

15.2 m (range = 3.05 to 62.5 m) for measured 

dist ances. 

Examples of the type of data generated by this 

technique are as follows. A minimum of 19 sing- 

ing grounds had the same occupants for 41 to 71 

days. In addition, nondisplavying males were 

identified on singing grounds by their color 

bands on at least 15 occasions. Movements be- 
tween singing grounds by displaying males were 

noted on 48 instances. 

On summer fields, 103 birds were caught and 

color banded. In addition to those captures, 164 
woodcock were encountered while nightlighting. 

Of these, 42.1% were color banded. Successful 

identification was made on 88.5% of 69 
attempted spottings. 

The reaction of displaying males to being 

illuminated varied among individuals. Forty-five 

percent continued to peent and “behave nor- 
mally.” 10.6% became momentarily silent or 

walked a short distance, 37.2% went into display 

flights but returned to their original landing site, 
and 7.1% temporarily deserted the immediate 
display area. Observations indicated that no bird 

deserted a singing ground as a result of being 

spotted. 

Color bands were recovered (n = 16) from 
woodcock harvested during the fall of 1979, and 

from returning males in the spring of 1980. Mean 

tag recovery time was 274 days (range = 62 to 

417 days). None of these bands had any tape loss, 

and when shined side by side with new color 
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Table 1. Degree of identification success of woodcock on singing grounds. 

___ Number of identifications (% in parentheses) 
Year and Number Average 
observers observations Successful Partial Failure distance (m) 

1979* 

l 74 63 (93.2) 3 (4.1) 2 (2.7) 16.7 

2 72 65 (90.2) 3 (4.2) 4 (5.6) 19.3 

3 3% N.D. N.D. N.D. N.D. 

Others 19 N D. N.D. N.D. N.D. 

Total 201 134 91.8) 6 (4.1) 6 (4.1) 18.0 

1980 

l 82 68 (83.0) 7 (8.5) 7 (8.5) 11.7 

2 86 59 (68.6) 19 (22.1) 8 (9.3) 20.8 

3 xs 30 (88.4) 3 (8.8) 1 (2.8) N.D. 

4 29 25 (86.2) 2 (6.9) 2 (6.9) 13.0 

Total 231 182 (78.8) 31 (13.4) 18 (7.8) 15.2 

Grand total 432 316 (83.9) 37 (9.82) 24 (6.37) 

*Observer 3 and those designated “others” returned no data on percent success or failure as only successful attempts 
were recorded. 

bands, no difference in reflective qualities could 
be detected. When compared in natural light, 
they appeared slightly faded. 

Discussion 

Color banding was found to be an effective 

and inexpensive field technique for identifying 
individual woodcock. When illuminated, bands 
were readily visible during twilight and night- 
time hours. Observers were able to identify indi- 
vidual birds by the position and culor of the 
bands. Successful identifications were made in 
the air as well as oa the ground. 

Most visible and easily distinguished were the 

bands using red, yellow, or green sheeting. Blue 
and black were not readily visible and were eas- 
ily confused with other colors. Color qualities of 
gold and yellow were so similar that no distinc- 
tion could be made in the field. Single bands of 
more than one color could not be identified at 

distances greater than 4 m and therefore were 
not used. The possibility of using a sputlight 
mounted on binoculars or of using two-man 

teams (one to direct the light and one to identify 
the bird) may increase the effectiveness of the 
technique. 

The 3M Corporation also produces a High 
Intensity Scotchlite sheeting in nine colors, 
which is reported to have 2.5 times the brightness 
of the engineering sheeting used in this study. 

Management Implications 

The effectiveness of color banding enables re- 
searchers to monitor woodcock activities with a 
minimum amount of disturbance. This may be of 

particular importance in some studies associated 
with singing grounds. Areas for application 
could include: male fidelity to singing grounds, 
movements between display areas, differences 
between male and female behavior, and breed- 
ing relationships between migrant and resident 
woodcock. Information in these areas would be 
valuable in reevaluating present methods of 
interpreting annual population surveys or 
indices. 

On summer fields, woodcock could be identi- 
fied as marked or unmarked without being cap- 
tured. These birds could be specifically identified 
as members of a banded subpopulation. These 
subdivisions might include birds banded during 

different time periods (e.g., different colors or 

combinations each week), simple numerical 
groups (e.g., every 10 birds), or different age and 

sex categories (e.g., adult male, immature 

female). The ability to categorize birds without 
recapture could result in sample sizes large 
enough to allow reasonable population esti- 
mates. Statistical models similar to the Schnabel 
(1938) method could be designed to make use of 
successive samplings composed of known num- 
bers of marked and unmarked individuals. The 
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marked group could further be subdivided into 
the aforementioned subpopulations. By using this 
method, are’ ~ estimate of recruitment from 
one year tothe _—t could be made. 

Currently, a most pressing need in woodcock 
management is to determine the relationship be- 
tween singing-ground censuses, yearly recruit- 
ment, and subsequent fall populations. Color 
banding provides a technique to help answer this 
important question. 
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Abstract 

A comparison of woodcock (Philohcla minor) singing-ground counts, number of nesting 

hens, and available habitat in northern Wisconsin indicated a strong relationship. The 

singing-ground survey provides valuable information on relative breeding densities and 

population trends and may be the best indicator of breeding habitat trends. 

An evaluation of several methods of censusing 
woodcock in Maine during the late 1930's re- 

sulted in the recommendation of a yearly count 
of occupied singing grounds as the most promis- 

ing technique (Mendall and Aldous 1943). Orga- 
nization of such counts into a systematic survey 

began in the early 1940's, and the present sing- 

ing-ground survey is used as an annual index of 

the size of the breeding population. Since the 
singing-ground survey was begun, it has been 

evaluated and refined (Sheldon 1953; Kozicky et 
al. 1954; Goudy 1960; Duke 1966), with result- 

ing improvements, notably in the random selec- 
tion of route locations. 

Studies of woodcock breeding behavior have 

disclosed the existence of a significant number of 

nonterzitorial or subdominant males (Shcidon 
1967; Godfrey 1974). If the ratio of territorial to 

nonterritorial males changes from vear to year or 
differs between geographic areas, results of the 
survey would not accurately depict population 
trends. Thus, although about 1,000 woodcock 
routes are now conducted each spring (Tautin 
1977), doubts remain about the validity of the 
survey. Because the survey involves a substantial 
amount of effort each year, it is important that 
such uncertainties be resolved. 

Godfrey (1975) suggested the survey could be 
improved by counting the number of males per 
singing ground. Determination of this ratio, 
however, would require that observers possess a 
relatively sophisticated knowledge of woodcock 
breeding behavior. Couture and Bourgeois 

(1977) proposed another method of improving 
the survey that involved duplicate counts of in- 

w# 
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dividual routes. Since these suggested revisions 
would add to the survey costs, it is unlikely that 

either method would be adopted at a time when 
all roadside surveys are |veing scrutinized because 
of escalating energy costs. 

Sheldon (1967) believed that singing-ground 

counts may be better indicators of habitat change 
than of population change. A significant relation 
was found between habitat cover classes and the 

number of singing males heard on New Bruns- 
wick woodcock routes (Dobell 1977). Further- 

more, Ammann (1977) implied a strong relation 

between singing-ground counts and nesting 

hab’tat by his statement, “The more males in any 
one area, the better the chances for finding 

broods.” In contrast, Couture and Bourgeois 

(1977) reported no relation between singing 
males and number of nesting females on their 

Quebec study area; the size of their study area 
was only 20 ha, however, which leads one to 
view their conclusion with some skepticism. 

The objectives of the present study were (1) to 
determine the density of active woodcock singing 
grounds in typical forested habitats in northern 
Wisconsin and (2) to determine the correlation 

between singing-ground counts, number of 

nesting hens, and available habitat. 

Study Area and Methods 

The study was conducted in the Hoffman 

Lake-Hay Creek Wildlife Area and an adjacen’ 
portion of the Chequamegon National Forest 
about 15 km northeast of Park Falls, Wisconsin. 



Soil types vary considerably within the study 
area but generally consist of sands or sandy loams 

on the uplands and peat in the lowlands. Several 
streams, lakes, and marshes are interspersed 
throughout the area. The land area is more than 
90% forested; in order of abundance, aspen 

(Populus spp.), swamp conifers, fir-spruce (Abies 
balsamea and Picea spp.), and northern hard- 

woods are the most important forest types. 
Singing male woodcock were censused vach 

spring during 1977-80 along 29 km of roadway 

circumscribing the study area; the census tran- 
sect was divided into 18 segments, each 1.6 km 
long. Transect width was established as 400 m. 
on the basis of an estimated 200-m hearing dis- 

tance for singing males. Censusing was done dur- 

ing both morning and evening performance 

periods, with up to 12 cooperators involved on 
some days. Censusing was carried out on foot, 
with each cooperator working a single segment 

during any one session. Only singing grounds 
that were occupied on two or more occasions 
were included in the total. 

Nest searches were conducted each spring in 
the area censused for singing males. All searching 

effort was recorded and tallied by the census seg- 

ment (1-18) in which it occurred. The searching 

crew generally consisted of two men and one or 

two bird dogs, except in 1978 when several high 
school classes assisted in the nest search. Artificial 
woodcock nests (small wooden blocks) were set 

out to provide a measure of the searching effi- 
ciency of student groups. Insufficient manpower 
was available to search the entire census area, so 

the coverts that appeared most attractive were 
searched first. Relatively little time was thus 

spent searching habitats (such as northern hard- 
woods or conifer plantations) that lacked the 
shrub components preferred by nesting wood- 

cock hens (Gregg and Hale 1977). 

Experience gained during trapping and telem- 
etry work revealed that brushy habitats, espe- 
cially alder (Alnus spp.) and young aspen, com- 

prise the major portion of preferred woodcock 
habitat in this locale. Therefore, the amount of 

area occupied by aspen, upland brush (including 
small grassy openings), and lowland brush were 

tallied for each of the 18 census segments and 

served as a measure of available habitat. The 

amount of habitat was then compared to the 

number of singing males and nests found within 

each segment to determine the correlation be- 

tween breeding birds and habitat. 

31 

Singing-Ground Census 

Application of the 200-m hearing range dor 
singing male woodcock to the length of the tran- 
sect resulted in a census area of nearly 1,160 ha. 

Singing-ground counts within that area were 56, 
63, 66, and 58 during the 1977-80 period 

(Table 1). Three singing grounds located slightly 

more than 200 m from the road were included in 

these totals because the relative scarcity of 

grounds more than 150 m from the road indi- 

cated that a portion of the more cistant singing 
grounds were being missed. The average ri -ht- 

angle distance from the center of the roadway 

was only 64 m for 44 singing grounds measured 

in 1979: only 9 of the 66 singing grounds located 

that spring were believed to be more than 150 m 
from the road. 

The density of active singing grounds within 

the census area averaged 5.3/km*. Sheldon 

(1967) estimated a similar singing-ground density 
of 5/km?® for the entire Quabbin Reservation in 
Massachusetts. A lower density of 2/km? was re- 
ported by Godfrey (1974) for a 1,600-ha study 
area in Minnesota. Singing-ground den ities of 

up to 10/km? have been reported (Norris et al. 
1940; Mendall and Aldous 1943), but the higher 

densities were associated with smaller blocks of 
cover. 

The total number of singing grounds within 

the census area remained relatively stable during 
the four years of the study, despite sizeable 
changes in singing-ground counts in some seg- 

ments of the census area (Table 1). Year-to-vear 
changes in singing-ground counts in segments 

were substantially less, however, than were the 

differences in counts between the best segment 
and the poorest. Average singing-ground counts 

among the various segments ranged from 0.75 to 

7.5. Segments that contained small amounts of 
woodcock habitat generally evidenced very few 

singing males. Singing grounds were scarce, for 

example. in segments 6 and 11, where northern 
hardwood stands covered most of the area. When 

average singing-ground counts were compared 
with the amount of habitat available in each cen- 

sus block, a significant correlation (r = 0.89. 

df. = 16, P < 0.01) was found. 

Although habitat quantity and singing-ground 

counts indicated a linear relation, habitat quality 
appeared to have a bearing on the strength of this 

relation. Woodcock prefer the early stages of 

forest succession, and habitat quality typically 
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Table 1. The number of woodcock singing grounds and nests related to the amount of habitat in the 
Hay Creek study area, 1977-80. 

Census Weodesck singing grounds Total Total Nests per Woodcock 

segment 1977 §=6=—'1978 §3=6—61979) ss 1980 ~Mean 3 nests§ man-hours man-hour habitat (ha)> 

l 2 0 l 0 075 l 10 0.10 14.6 
2 4 2 3 0 223 l 20 0.05 20.2 
3 2 3 4 4 33 3 20 0.15 178 
4 2 4 4 30 (3. 0 3 -* 8.9 
5 2 l 3 5 275 0 12 0.00 20.2 
6 l 2 2 2 1.75 0 4 - 5.3 
7 2 2 2 l 1.75 0 4 - 8.9 
& 3 6 5 4 4530 3 20 0.15 26.3 
9 5 4 5 4 430 2 14 0.14 27.1 

10 5 6 5 4 50 2 15 0.13 26.7 
ll 0 2 l 2 13 0 3 ~ 28 
12 5 4 3 1 32 2 17 0.12 17.4 
13 6 7 8 9 %T730 21 17 0.18 55.0 
14 3 4 5 3.0 (3.75 7 €2 0.11 28.7 
15 2 2 l 0 12 0 3 - 14 
16 6 6 6 6 6.00 4 47 0.09 29.9 
17 5 4 5 7 523 8 89 0.09 23.9 

1 l 4 3 3 «2.75 5 23 0.22 18.6 

Totals 56 63 66 58 59 483 0.12 358.7 

*Not calculated if searching time was less than 10 man-hours. 

‘Woodcock habitat was defined as the amount of area occupied by aspen, upland brush, and lowla.d brush 
within each census segment. 

declines as forests mature. Most of the aspen 
stands in the Hay Creek Wildlife Area were 
young and therefore constituted wood ock habi- 
tat of high quality. The aspen stands in the 
Chequamegon National Forest portion of the 
study area were more mature, however, and re- 
ceived little use by singing males. Segments | and 
2, for example, contained 10% of the woodcock 
habitat within the census belt but accounted for 
only 5% of the singing grounds. 

Woodcock Nest Searches 

Nest-hunting efforts during the four years of 
study resulted in 76 nests and 46 broods found 
during 795 man-hours of sear ching, but only 59 
nests located by project personnel during 483 
man-hours of searching were included in the 
present analysis (Table 1). Broods were excluded 
because their mobility made it impossible to be 
certain that they had been produced within the 
census block where they were found and to avoid 
the possibility of “recounting” nests. Nest search- 
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ing efforts by high school groups were also 
excluded because the efficiency of students in 
finding nests was not comparable to that of 
experienced personnel. High school students 
found only 29% of the simulated woodcock nests 
used to gauge searching efficiency and discovered 
only 6 real nests during 267 man-hours of hunt- 

blocks varied considerably, with totals ranging 
from 0 to 21 nests for the duration of the study 
(Table 1), but the amount of time spent search- 

ing within these census segments also varied be- 

cause it depended on the quantity of potential 
nesting habitat within each segment. Relatively 
little time was spent searching unproductive hab- 
itats, so the number of nests found per man-hour 
in the various segments did not differ widely. Be- 
cause searching effort was not uniform between 
segments, no statistical correlation between the 

number of nests and number of singing grounds 
was attempted. Nevertheless, the available evi- 
dence suggests that the number of singing 

grounds and the number of nesting hens in a 
given locale are closely related. 
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Woodcock Populations and Habitat 

The results of the present study suggest a 
strong relation between woodcock singing- 

ground counts, the number of nesting hens, and 

available habitat. Study results further suggest 

that optimum woodcock breeding habitat exists 
only for a brief time during the span of forest suc- 
cession. Continued growth of our forests will 
cause a progressive shrinkage of woodcock habi- 

tat, and evidence is available that such losses are 
occurring in Wisconsin. In 1956, seedling and 

sapling stands comprised the largest share of Wis- 

consin’s commercial forestland area, but by 1968 
poletimber stands had become the dominant size 
class. During the same period, most of the non- 
stocked area was lost through planting (Spencer 
and Thorne 1972). 

Although evidence still does not guarantee that 

results of the singing-ground survey truly reflect 

annual fluctuations in the breeding woodcock 
population, the survey undoubtedly provides 
valuable information on relative breeding 

densities and population trends. In addition, the 
singing-ground survey may have unrecognized 

value as a data source on breeding habitat 

trends. Mortality factors (such as hunting and 

pesticides) appear to have relatively little in- 
fluence on woodcock population trends at 
present. Although weather, disease, and other 
agents contribute to fluctuations in woodcock 
numbers, habitat will ultimately determine pop- 
ulation size. Efforts are under way to improve 
our data base on woodcock habitat, but we 

neither know how much habitat is now available 

in the United States nor how land-use changes 

affect habitat (Cushwa et al. 1977). Until a 

reliable method of inventorying woodcock habi- 

tat becomes available. singing-ground counts 

appear to be our best indicator of breeding 
habitat trends. 
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Discriminant Analysis of the Peent Call for 
Identification of Individual Male American Woodcock! 

Nancy L. Weir and H. B. Graves 

The Pennsylvania State University 
204 Animal !ndustries Building 

University Park, Pennsylvania 16802 

Abstract 

Peent calls of male American woodcock (Philohela minor) were recorded on 24 singing 

sites in Centre County, Pennsylvania. Nine measurements of frequency, duration, and 

pulse rate were used to characterize the peent call sonagrams. The feasibility of applying 

discriminant analysis of peent call sonagrams to identify individuals was examined by 

using the calls of four birds over 8 to 11 display periods. The analysis correctly assigned 

82° of the peent calls to the proper bird. The useiulness of sonagraphic analysis of wood- 

cock peent calls for identifying large numbers of individual woodcock is limited by the 

high degree of overlap among the calls. However, the technique could be used effectively 

in studying the turnover of males on a small number of singing sites, particularly if the 

calls were examined in conjunction with behavioral cues. 

Sonagraphic analysis of the peent call appears 

to be a feasible alternative to other methods for 

studying territoriality among male American 
woodcock (Philohela minor). Although the tech- 

nique has been used successfully to distinguish 

among the peent calls of individuals of known 

identity (Beightol and Samuel 1973; Bourgeois 

and Couture 1977) and, in one instance, to 
examine the variation among the peent calls for 

three individuals over the course of the breeding 

season (Bourgeois and Couture 1977), no attempt 

has been made to use it in the recognition of a 

reasonably large number of unidentified indi- 
viduals in a local population over the course of 

the breeding season. The purpose of the present 
study was to characterize the woodcock peent 
call, to investigate the differences among calls 

from different sites, and to determine the useful- 

ness of sonagraphic analysis as a technique for 

identifying individuals without the necessity of 
capturing and marking. 

Methods 

We selected 24 woodcock singing sites in 

'Paper No. 6101 in the journal series of the Pennsy!- 
vania Agricultural Experiment Station. 

Centre County, Pennsylvania, for the study. 

Singing sites selected for recording were those for 

which behavioral cues strongly suggested that a 

single individual used each site during the 

recording periods. 
Tape recordings of the peent calls from each 

site were made during dawn and dusk display 
periods from 12 March through 19 May 1977. 
From three to six singing sites were monitored 

during each display period, and recordings of 20 
to 30 peent calls were obtained at each site. 

The recording system consisted of a battery- 
operated Nagra 4.2 full-track tape recorder 
(Kudeleski S.A., Cheseaux/Lausanne, Switzer- 

land) equipped with an electret-condenser highly 
directional microphone (Sennheiser Electronic 
Co., New York, New York) and foam wind- 

shield. The signal-to-noise ratio of the Nagra 4.2 
is 88 dB, and its frequency response at 19 cm/s is 

20 to 12,000 Hz. 

Spectrographic (sonagraphic) analyses of the 
peent call were performed with a Kay Elemetric 
Company, Pine Brook, New Jersey, sonagraph 

(model 7029A) coupled with a sonagraph con- 
tour display unit (model 6070A) and amplitude 
display scale magnifier (Model 6076C). The con- 
tour display unit modifies the conventional sona- 
gram to produce contour lines at 6-dB intervals. 
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The scale magnifier was used to eliminate the 
upper 60% and lower 5% of the frequency range 

(160 to 16,000 Hz) and to magnify the remaining 

35% (800 to 6,400 Hz). Use of these two tech- 
niques enables more accurate delimitation of the 
contour of the frequency bands, thereby reduc- 

ing both subjectivity and error in time and 
frequency measurements. Recorded peent calls 
were transferred to the sonagraph magnetic plate 

at half the recorded speed. 
The “correlation” procedure of the Statistical 

Analysis System (Barr et al. 1979) was used to 

compute the Pearson product-moment correla- 
tion coefficients between variables. The SAS 
“general linear model” procedure was used to 

perform univariate and multivariate analyses of 
variance. The SAS “Duncan” procedure was used 
to perform Duncan's multiple-range test for sig- 

nificant differences among the means of varia- 
bles. The “discriminant” subprogram of the 
Statistical Package for the Social Sciences (Nie et 

al. 1975) was used to differentiate among calls of 
birds on different singing sites. 

Results 

Visual Inspection of Sonagrams 

As expected, visual comparisons of peent-call 
sonagrams of several individuals recorded during 

single display periods disclosed that calls of a par- 

ticular bird were similar in shape, duration, and 
frequency but generally different from those of 

other birds in one or more of these character- 
istics. Given a small number of birds and display 
periods, one can correctly assign many sona- 

grams to their respective birds by visual inspec- 
tion alone (Beightol and Samuel 1973). How- 
ever, when additional birds and display periods 

are included, the differences among sonagranis 

become less evident, and it becomes difficult, if 

not impossible, to correctly assign each peent call 
to the proper bird by visual inspection. The simi- 
larities in general features of the calls of the same 
bird and the apparent differences among birds 

nevertheless suggested that. statistical analysis 
might permit identification of individuals by 

peent calls. 

Measurements of Characteristic 
Features of Sonagrams 

Seven bands were produced by contour display 
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analyses (Fig. 1). We selected the very distinct 

second band (30-36 dB) to use in quantifying the 
woodcock peent call. The typical plateau shape 

of the peent call sonagram was used in charac- 
terizins: the call: the frequency rises at the begin- 

ning of the call, remains at « constant frequency 
for approximately 150 ms, and then decrease’ at 
the end. Frequency and duration measureme._-s 
of the three portions of the sonagram and the 
pulse rate were used to quantify the peent calls. 

The following nine measurements were taken 
from the band at 30-36 dB of each sonagram 
(Fig. 1). 

1. TD: total duration of band (ms). 

2. PULSERT: pulse rate: calculated by deter- 

mining the time period in which 10 pulses occur, 

beginning at 50 mm from the start of the band 
(ms). 

3. F,: frequency |; initial frequency at center 
of band (Hz). 

4. F,: frequency 2; frequency at first point of 
inflection at center of band (Hz). 

5. F,: frequency 3; frequency at second point 
of inflection at center of band (Hz). 

6. F,: frequency 4; frequency at center of last 
pulse of band (Hz). 

7. D,: duration 1; duration of call from F, to 

F, (ms). 
8. D,: duration 2; duration of call from F, to 

F, (ms). 

9. D,: duration 3; duration of call from F, to 

F, (ms). 

Correlations Among Measurements 

As expected, none of the variables were inde- 
pendent, and high correlations were found be- 

tween TD and D, measurements and among F,. 

F,. F,, and F,. These correlations introduced the 
possibility of using less than the full set of nine 
variables in studying variation in calls within 

and across singing bouts and singing sites. 

Variation Among Pcent Calls of a Single Bird 

Peent calls were recorded during four display 
periods on one site from a bird that had been 
equipped by G. L. Storm with a small light-emit- 
ting device {Wolcott 1977). The amount of varia- 
tion among calls recorded during different dis- 
play periods relative to the variation among calls 
recorded during single display periods was calcu- 

lated. When all nine variables were considered in 

t 
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Fig. 1. Schematic representation of the American woodcock peent call, recorded at one-half normal sp. 2ed onto the 
sonagraph magnetic plate. TD, total duration (ms) equals D, + D, + D4; PULSERT, pulse rate (ms/10 pulses); F,, 
frequency | (Hz); F,, frequency 2 (Hz); F,, frequency 3 (Hz); F,, frequency 4 (Hz); D,, duration 2 (ms); D3, dura- 
tion 3 (ms). All frequencies were uniformly lov: ered by the half-speed recording. 

a multivariate analysis of variance, the Hotel- 

ling-Lawley trace statistic indicated that some 
peent calls produced by a single bird were signifi- 

cantly different across display periods 

(P<0.001). A univariate analysis of variance dis- 

closed that only the variables PULSERT and F, 
differed across display periods (P< 0.05). Coeffi- 
cients of variation were low (generally less than 

5%, for all variables), indicating relative con- 

sistency in calls both within and across display 
periods. 

Variation Among Peent Calls 
from Different Singing Sites 

The degree of overlap among calls from dif- 

ferent singing sites over the course of the breed- 

ing season was evaluated. A data set was selected 

which included peent calls recorded on sites for 

which behavioral indicators strongly suggested 
that the same bird occupied the site during all 

display periods when recordings were made. The 

peent calls were recorded during 8, 8, 10, and 11 

display periods on four different sites, including 
the one on which the male was identified by the 

light-emitting device. Woodcock displaying on 

these sites consistently peented in the same spot 
(within approximately 3 m) after each display 

flight during a given display period. When 
peenting occurred in a diurnal covert before the 

arrival of the bird on a given site, the pre-display 
peenting area was consistently the same. Peent 

calls recorded during display periods when more 
than one bird was believed to be on or near the 

site were excluded from the analysis, and only 

calls recorded on or after 14 April (except for 
calls recorded during one 7 April display period) 
were included, by which date all migration 

through Pennsylvania had presumably finished 

(Liscinsky 1972; unpublished personal cdserva- 

BEST DOCUMENT AVAILASLE 



Table 1. Estimation of variance components (expressed as percentages) for peent calls recorded on 
four sites, with 8 to 11 display period: per site. One bird was assumed to occupy each site. 

Estimz tes of variance explained among: 
Peents within 

Display periods one display period 
Dependent variable Sites on a site on a site 

TD 63.86 19.67 16.47 

PULSERT 61.94 28.85 9.21 

F, 30.96 35.90 33.14 

F, 44.50 29.06 26.44 

F, 37.54 29.37 33.09 

F, 19.92 40.75 39.33 

D, 15.20 29.92 54.88 

D, 58.03 21.10 20.87 

D, 0.00 37.28 64.30 

tions of decrease in general activity by excess 

males on sites by mid-April). 
A multivariate analysis of variance indicated 

that significant differences existed among the 
peent calls from different sites as well as among 
the peent calls from a single site (P<0.001). A 
univariate analysis of variance disclosed that dif- 

ferences existed among calls recorded during dif- 
ferent display periods for all measurements of 
peent calls recorded on a single site (P<0.001), 
as well as for all measurements ercept D, among 
the calls from different sites (P< 0.05). However, 

the results of the Duncan's multiple range test 
indicated significant separation of site means for 

most variables. 
The proportion of the total variation attribut- 

able to differences among sites was greater than 
that accounted for by differences among display 

periods on a single site for five of the nine varia- 
bles (TD, PULSERT, F,, F, and D,; Table 1). 
Discriminant analysis allowed peent calls to be 

correctly assigned to their respective sites in 
82.11% of the 190 cases (Table 2). The per- 
centage of correctly classified peent calls ranged 

from 68.9 to 100 for the four sites. For 27 of the 

36 misclassified peents, the second prediction by 

discriminant analysis was that of belonging to 
their actual group. The variables PULSERT and 
F, contributed most strongly to the first function, 
whereas TD and PULSERT contributed most 
strongly to the second function. Considerable 
overlap existed among peent calls from different 
sites, despite significant separation among cen- 
troids for each site (Fig. 2). 

Discussion 

Identification of individual Woodcock 

Individual identification is critically impor- 
tant in studies of woodcock mating systems and 

Table 2. Classification by discriminant analysis of peent calls* recorded on four sites, with 8 to 11 
display periods per site. One bird was assumed to occupy each site. Diagonal values represent cor- 
rect classifications. 

No. of Site 3 

Singingsite cals = No |= % 
3 40 32 (80.0) 

4 45 8 (17.8) 

5 50 0 (0.0) 
16 — 55 6 (10.9) 

*Percent of all peent calls correctly classified: 82.11%. 

_No. of calls classified into each site (% in parentheses) _ 
Site 4 Site 5 Site 16 

% No. % No. % 

(17.5) 0 (0.9) l (2.5) 

(68.9) 0 (0.0) 6 (13.3) 

(0.0) 50 (100.0) 0) (0.0) 

(9.1) l (1.8) 43 (78.2) 
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DISCRIMINANT SCORE | 

Fig. 2. Graphical representation in standardized dis- 
criminant space of peent calls recorded on 4 sites, each 
represented by a different symbol, with 8 to 11 display 
periods per site. One bird was assumed to occupy each 
site. Asterisks represent group centroids. 

behavior. Capturing, handling, and marking in- 

dividuals is time consuming and may affect sub- 

sequent survival and behavior. Courting male 
woodcock usually use the same pre-display 
peenting area and peenting spot on a site during 
all display periods at that site. Changes in this be- 
havior signal changes of occupants of particular 
sites, but these behavioral cues are of no use for 
later identification of these individuals when 
they use different sites (Thomas 1975; Bourgeois 
and Couture 1977). 

The present study expanded results from 
Beightol and Samuel (1973) and Thomas (1975), 

in which calls of most woodcock were recorded 

during single display peviods. We proceeded 
from that stage, in which differences among 

peent calls of given individuals within a single 
display period were recognized, to a refinement 
of sonagraphic analysis for possible use in indi- 

vidual identification across display periods or 
singing sites (or both). We found differences 

among peent calls recorded from a single site as 
well as among calls from different sites. How- 

ever, use of discriminant functions allowed 
82.11% (156 of 190) of the peent calls hypothe- 
sized to have been produced by four individuals 
on four p2iiicular sites to be correctly classified 
according to site. These results offer some sup- 
port to the findings of Beightol and Samuel 
(1973), Thomas (1975), and Bourgeois and 

Couture (1977) by confirming that considerable 

differences exist among the calls of different 
males. 

Previous analyses, and the analysis presented 
here, indicate that call duration (Beightol and 
Samuel 1973; Bourgeois and Couture 1977), fre- 

quency (Beightol and Samuel 1973; Bourgeois 

and Couture 1977), and pulse rate are the char- 
acteristics most useful in distinguishing among 
the calls of different individuals. Based on the 

hypothesis that the overall shape of the call might 
be an important distinguishing characteristic, 
additional measurements of frequency and dura- 

tion, determined by the shape of each particular 
call, were included in the present analysis. Re- 
sults indicated that, as a feature peculiar to each 
individual's call, shape of the call is secondary in 
importance to pulse rate, initial frequency, and 
total duration. However, inclusion of these and 
other measurements (Bourgeois and Couture 

1977) in the analysis should considerably increase 
its accuracy in characterizing the peent calls of 

individuals. 
Exact and highly reliable classification of large 

numbers of peent calls is far from simple because 
of variation among the peent calls of a single bird 
and variations due to both actual differences and 
bias in the recording due to experimental 
methods. Experimental procedures that might 
bias peent-call recordings include variation in 
the distance between the recorder and the bird 
and obstacles (such as vegetation) in the sound 

path between the microphone and the bird 
(Beightol and Samuel 1973: Thomas 1975). Not 

only can changes in the position of the woodcock 
during and between peent calls cause frequency 
distortion, but also changes in temperature, 
through effects on tape speed, can cause distor- 
tions in recordings of frequency, duration, and 
pulse rate (Thomas 1975). 

Variation among the peent calls of a single 

bird, coupled with overlap among birds, makes 
discriminant analysis of peent-call sonagrams an 
ineffective method for positive identification of 
individuals and for the monitoring of their move- 

ments 27,ong sites. 
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Although Bourgeois and Couture (1977) sug- 

gested using sonagraphic analysis of peent ca!_. to 
monitor the turnover of males on single singing 

sites, our results suggest that, if used alone, this 
would be an inexact method for obtaining an 

accurate count of the number of birds. Sona- 
graphic analysis used in conjunction with behav- 

ioral cues, however, may provide a moderately 

accurate representation of the degree of male 
turnover on woodcock singing sites during the 

breeding season. 
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Abstract 

Fifteen woodcock (Philohela minor) singing grounds found in the Bald Eagle Valley in 
central Pennsylvania and recorded on aerial photographs 20 to 30 years ago were relo- 

cated. Fifteen singing grounds now in use were found by walking census routes during 

1977. A 0.04-ha plot, centered on the woodcock’s primary contact point on the singing 
ground, was used to delimit a sampling area for describing the habitat on the basis of 40 

variables. Mean values for 4 variables «ere consistent with values for the same variables 

reported in previous studies. Comparisons of habitat features between new and old 
singing sites showed that differences in habitat structure resulted from vegetation on old 

sites being in a later seral stage. Twenty-one variables, showing significant differences 

between new and old sites, may be useful for determining whether suitable habitat is 

approaching an unsuitable stage. All 30 sites were correctly classified as either new or old 

by using a discriminant function consisting of 6 variables: litter cover, density of small 

woody stems, density of large shrubs, percent bare ground, distance to water, and stand 

age. The discriminant function may be useful for classifying habitat as suitable or unsuit- 

able. In all, 25 key variables showed potential use for describing suitable habitat, 

determining if habitat is becoming unsuitable, or classifying habitat as suitable or unsuit- 

able for woodco: k singing grounds. 

The decline in populations of woodcock features distinguishing suitable from unsuitable 

EE —_--_ i 

(Philohela minor) in the Eastern Region since 
about 1967 (Tautin 1980) may have resulted 
from habitat loss. To determine if habitat loss is a 
factor in the decline, we must be able to measure 

the quantity and quality of habitat available to 
woodcock. 

Identification of woodcock singing habitat re- 
quires descriptions of the physical and biological 

'Paper No. 237 of the Pennsylvania Cooperative Wild- 
life Research Unit. 
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habitat. One approach for recognizing such dif- 
ferences is to compare structural features of sing- 
ing grounds currently and formerly in use. Such 
comparisons provide information on the features 
important in habitat selection by woodcock. 

This paper presents information on some of the 
specific habitat needs of woodcock and reports 
on differences in habitat structure resulting from 
plant succession on woodcock singing grounds in 
central Pennsylvania. The objectives of the: study 
were to: (1) describe some pl" © »~d biolog- 



ical features of current woodcock singing 
grounds in Bald Eagle Valley, Centre County, 
Pennsylvania; (2) determine if changes in habitat 
have made singing grounds used in Bald Eagle 
Valley during 1947 and 1956 unsuitable for 
woodcock today; and (3) identify variables that 
may be useful for classifying habitat as suitable 
or unsuitable. 

Bald Eagle Valley 

The 1,560-ha study area in Bald Eagle Valley 
was located along the lower slope of Bald Eagle 
Mountain and the valley floor south of U.S. 
Route 220, and extended from the village of 
Julian to the village of Hannah (Fig. 1). The 
valley is situated between the foothills of the 
Allegheny Plateau and the first ridge of the Ridge 
and Valley Province. The area consists of fiat 
bottomland of alluvial origin with interspersed 
terraces. Bald Eagle Creek is the primary water- 
way in the area and parallels U.S. Route 220. 
Vegetation consists of mixed hardwoods on the 
upper elevations and scattered hawthorn-crab- 
apple (Crataegus-Malus) stands interspersed 
with hardwoods on the lower slopes. Cultivated 
areas and dairy farms are situated on the valley 

floor along both sides of U.S. Route 220. The 
area was previously described by Yerger (1947), 
Richter (1948), Miller (1957), Liscinsky (1972), 
and Kinsley (1981). 

Methods 

Location of Singing Grounds 

Fifteen singing grounds were randomly 
selected for habitat analysis from a total of 67 ac- 
tive singing grounds found on the study area be- 
tween 7 March and 12 April 1977. The singing 
grounds were watched after 15 April to deter- 
mine the primary contact point on the singing 
ground where a woodcock landed most often 

after courtship flights. These 15 singing grounds 
were termed new singing sites. 

Fifteen additional singing grounds were 
chosen at random from two sets of 65 and 54 
singing grounds plotted on aerial photographs 
during 1947 (Richter 1948) and 1956 (Liscinsky 

1972), respectively. Fourteen were selected from 
1947 and | from 1956. The singing grounds were 

pinpointed on 1971 aerial photographs (scale 

41 

Fig. 1. Location of the study area in Centre County, 
Pennsylvania. 

1:12,000) and relocated in the fieid by triangula- 
tion from three permanent objects. The point 
established by triangulation was considered the 
primary contact point. These 15 inactive singing 
grounds were termed old singing sites. 

Habitat Measurements 

A square, 0.04-ha plot, with the principal con- 
tact point at the center, was established at each 
singing site to delimit a sampling area for de- 
scribing habitat. The plot was divided into 
100-m? quarters which were further subdivided 
into 25-m*, 6.25-m*, and 1.56-m* subplots (Fig. 
2). Habitat was divided into six strata (Table 1) 

and sampled by using nested quadrats within a 
stratified random design as follows. Large-tree, 
small-tree, and shrub data were collected within 
the entire plot, two random 25-m?* subplots in 
each quarter, and two random 6.25-m* subplots 
in each small-tree subplot, respectively (Fig. 2). 
Data on ground cover and small woody stems 
were collected in one randomly selected 1.56-m* 
subplot within each shrub subplot (Fig. 2). 

At each singing site, 40 habitat variables were 
measured (Table 2). Variables were divided into 

three categories: spatial patterns, vegetative 
variables, and edge variables. Data were col- 
lected between 29 March and 9 December 1978. 

Distances and areas were measured with a 
tape or from aerial photographs. Age and height 
of overhead cover were based on five dominant 
stems selected close to the plot center and the 
center of each quarter. Age was obtained by 
taking increment cores and counting annual 
rings or by counting bud-scale sca:s on small 
stems. Heights were measured with 4 tape or 
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Fig. 2. Stratified random design for sampling large 

trees (A). small trees (B). large and small shrubs (C). 

and small woody stems (D) within a 0.04-ha plot. 

altimeter. Percent overhead cover was estimated 
by taking densiometer readings (Lemmon 1956) 

at the center of all 25-m? subplots. A 25-intercept 
point-quadrat frame was used to estimate ground 
cover (Mueller-Dombois and Ellenberg 1974). 

Herbaceous height and litter depth were each 
measured at five randomly selected points within 
each of the 16 ground-cover subplots. Trees, 
shrubs, and small woody stems were counted 
only if rooted within plots. A caliper or diameter 
tape was used to measure tree diameter. 

Table 1. Definitions of habitat strata. 

Definition 

Woody stem 2 2.5 m high and 

2 7.6cm DBH 
Woody stem 2 2.5 m high and 

< 7.6cm DBH 

Woody stem 2 1.25 m and 

< 2.5 m high 

Woody stem 2 0.3 m and 

< 1.25 m high 

Woody stem < 0.3 m high 

Vegetative or nonvegetative 

material < 0.3 m high 

Stratum 

Large tree 

Smail tree 

Large shrub 

Small shrub 

Small woody stem 

Ground cover 

Fig. 3. Example of edge measurements made at wood- 
cock singing sites (Square represents 0.04-ha plot). 

Distance to edge, edge height, and amount of 
edge were measur d for each quarter and were 
not limited by the 0.04-ha plot (Fig. 3). Height of 

edge was the height of the habitat type adjoining 

the nest or singing site habitat. Edge heights were 

zero for habitat types containing no vegetation or 
herbaceous vegetation less than 0.1 m in height. 

Amount of edge was the amount of edge within 
60 m of the principal contact point (Fig. 3). The 
60-m limit was based on the approximate radius 
of the circular area encompassed by a woodcock 
in courtship flight (Pettingill 1936; Sheldon 
1967). Amount of edge was measured by using a 
range finder and “edge protractor” (Kinsley 
1981). 

Statistical Analysis 

Univariate and multivariate normality were 
determined from histograms and by plotting nor- 

mal scores. Non-normal variables were either 
transformed or excluded from analyses requiring 
normality. Statistical significance was tested at 

the 0.10 probability level. 
Univariate normal variable. were tested for 

unequal variances and means using variance-ratio 
and Student's ¢ tests, respectively. Non-normal 
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Table 2. Definitions of 40 habitat variables measured on new and old woodcock singing sites. 

Variable 

Spatial pattern 

Distance to water 

Dist ance to diurnal cover 

Distance to nearest singing ground 

D stance to next nearest opening 

Sie of opening 

Size of next nearest opening 

Vegetative variables 

Stand age 

Height of overhead cover 

Percent overhead cover 

Small-woody-stem cover 

Herbaceous cover 

Moss and lichen cover 

Litter cover 

Nonvegetative cover 

Bare ground 

Herbaceous height 

Litter depth 

Large-tree density 

Small-tree density 

Tree density 

Basal area 

Large-shrub density 

Small-shrub density 

Shrub density 

Small-woody-stem density 

Density of large trees 

< 15.2 cm DBH 

Basal area of large trees 

< 15.2 cm DBH 

Density of large trees 

> 15.2 cm DBH 

Basal area of large trees 

> 15.2 cm DBH 

Number of tree species 

Number of shrub species 

Number of small-woody-stem species 

Edge variables 

Distance to nearest edge 

Height of nearest edge 

Amount of edge 

Definiti 

Distance (m) from plot center to nearest water 

Distance (m) from plot center to nearest known diurnal cover 

Distance (m) from pt center to nearest known singing ground 

Distance (m) from pict center to next nearest opening 

Size (m*) of nearest opening 

Size (m*) of the next nearest opening 

Average age of 5 dominant’ stems 

Average height (m) of 5 dominant stems 

Average percentage of points with overhead cover from 16 densi- 

ometer readings 

Average percentage of points projecting on small woody stems from 

16 point-quadrat readings 

Average percentage of points projecting on herbaceous material 

from 16 point-quadrat readings 

Average percentage of points projecting on mow and lichen from 

16 point -quadrat readings 

Average percentage of points projecting on litter from 16 point- 

quadrat readings 

Average percentage of points projecting on nonvegetative material 

from 16 point-quadrat readings (for this study. it consisted mostly 

of rock) 

Average percentage of points projecting on bare ground aud roots 

from 16 point -quadrat readings 

Average height (cm) of herbaceous material measured at 16 ground- 

cover subplots 

Average deyth (cm) of litter measured at 16 ground-cover subplots 

Total count of large trees per 0.04 ha 

Estimated number of small trees per 0.04 ha from § small-tree 

subplots 

Estimated number of trees per 0.04 ha (sum of large-' ree density 

and small-iree density) 

Basal area (cm) of large trees per 0.04 ha 
Estimated number of large shrubs per 0.04 ha from 16 shrub subplots 

Estimated number of small shrubs per 0.04 ha from 16 shrub subplots 

Estimated number of shrubs per 0.04 ha from 16 shrub subplots (sum 

of large-shrub density and small-shrub density) 

Estimated number of small woody stems per 0.04 ha from 16 ground- 

cover subplots 

Total count of large trees 2 7.6 cm DBH and < 15.2 em DBH per 

0.04 ha 

Basal area (cm’) of large trees 2 7.6m DBH and < 15.2 em DBH 
per 0.04 ha 

Total count of large trees > 15.2 cm DBH per 0.04 ha 

Basal area (cm’) of large trees > 15.2 cm DBH per 0.04 ha 

Number of tree species recorded at the 0.04-ha plot 

Number of shrub species recorded at the 0.04-ha plot 

Number of small-woody-stem species recorded at the 0.04-ha plot 

Distance (m) from plot center to the nearest edge 

Height (m) of the nearest edge 
Amount (% ) of edge within 60 m of the principal contact point 
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Table 2. Continued 

Variable 
Definiti 

Average distance to edge Average of the 4 distance-to-nearest-edge measurements (m) tak-a 

in each quarter from plot center 

Distance to farthest edge 

ments 

Height of farthest edge 

Distance (m) from plot center to the farthest of the 4 edge measure- 

Height (m) of the edge farthest from plot center 

Distance-to-height ratio for nearest edge Distance :o nearest edge divided by height of nearest edge 

Distance-to-height ratio for farthest edge Distance to farthest edge divided by height of farthest edge 
“Terms used to name or define variables were defined by Kinsley (1981). 

variables were tested for unequal dispersions and 
medians using Moses Ranklike and Mann-Whit- 
ney te’, respectively (Hollander and Wolfe 
1973). 

Because most multivariate techniques allow 
only one less variable than sample size, the 40 
habitat variables were reduced to 14 by using 
principle component and partial correlation 
analyses. Principle component analysis was used 
to select a reduced number of variables with the 
potential to differentiate between new and old 
sites. Variables most highly correlated with the 
components were selected because they explained 
most of the information in the components 
(Amich and Walberg 1975; Morrison 1976; Neff 

and Marcus 1980). Partial correlation analysis 

was used to eliminate significantly correlated 
and conceptually similar variables. Ii two varia- 
bles had a partial correlation coefficient >0.75, 
one was selected as the “better” on the basis of 
mean difference, equal variance, and normality 
(Dueser and Shugart 1979; Neff and Marcus 
1980). 

Discriminant analysis was used to distinguish 
new and old sites so that their separation on the 
discriminant axis was a function of their differ- 
ences in habitat structure. Stepwise discriminant 
analysis was used to reduce the 14 variables to 
smaller subsets of variables having a greater dis- 
criminatory ability. The discriminant function 
was validated by applying the jackknife classifi- 
cation procedure. 

Data were manipulated and analyzed on an 
IBM System 370/3033 Processor Complex using 
the Minitab (Ryan et al. 1976) and SAS (Statisti- 

cal Analysis System) (Barr et al. 1976) pro- 
grammed statistical packages. Because no statis- 
tical package provided all the necessary informa- 
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tion to fully evaluate the discriminant function, 
we used three statistical packages: BMDP — Bio- 
medical Computer Programs P-series (Dixon and 
Brown 1977); SPSS — Statistical Package for the 

Social Sciences (Nie et al. 1975); and SAS. 

Characteristics of New Woodcock 
Singing Sites 

Mean values of the 40 habitat variables meas- 

ured at new singing grounds characterize the 

physical and biological features of habitat suit- 
able to woodcock. Woodcock accepted a wide 
range of habitat ieatures at singing sites, as indi- 

cated by the large variability in each habitat var- 
iable (Table 3). 

The values of four variables were found to be 

consistent with previous studies conducted in 
other parts of the woodcock’s range. The average 
distance of 92 m from a singing site to diurnal 

cover was only 4m greater than that found by 
Maxfield (1961) and was within the < 183-m dis- 
tance reported by Sheldon (1967). Mendall and 

Aldous (1943) found 24 of 29 singing grounds less 

than 91 m from diurnal cover. Percent overhead 

cover (14%) was less than the 20 and 60% upper 

limits used by woodcock in Quebec (Wishart and 

Bider 1976) and in Minnesota (Marshall 1958), 

respectively. Stand age (1! years) was less than 
the 20-year maximum value, and height of over- 

head cover (3.4 m) was only 0.4 m higher than 

the upper limit believed tolerated by woodcock 
in Minnesota (Marshall 1958). The other 
variables were either inconsistent or were not 

comparable because of marked differences in 
definition, technique of measure, or unique 
application in the present study. 



Table 3. Means and standard deviations of 40 habitat variables measured at 15 new and 15 old 

New Old 

Standard Standard 

Variable Mean deviation Mean deviation 

Distance (m) to water 75 41 32 19 

Distance (m) to diurnal cover 92 102 120 99 

Distance (m) to nearest singing ground 217 129 157 210 

Distance (m) to next nearest opening 45 61 20 14 

Size (m*) of opening 9,300 16,095 3,705 10,842 
Size (m*) of next nearest opening 9.986 16,733 6.391 14.542 
Stand age (years) 11 8 19 7 

Height (m) of overhead cover 3.4 1.8 7.2 29 

Percent overhead cover 14 19 44 35 

Small-woody-stem cover (% ) l l ] 

Herbaceous cover (%) 72 21 40 26 

Moss and lichen cover (%) 6 6 4 4 

Litter cover (%) 17 17 53 26 

Nonvegetative cover (% ) l l 0 0 

Bare ground (%) 4 5 2 3 

Herbaceous height (cm) 3.2 Ll 2.1 1.2 

Litter depth (cm) 1.0 0.9 2.6 1.0 

Tree density 54 44 147 130 

Large-tree density 3 3 16 12 

Basal area (cm*) 2i4 217 2,017 1,866 
Small-tree density 51 92 131 127 

Shrub density 2,823 2,789 3,131 2,481 

Large-shrub density 318 344 311 270 

Small-shrub density 2,504 2.649 2.819 2.351 

Small-woody-stem density 4,186 3,686 5,793 4407 

Density of large trees < 15.2 cm DBH 3 3 14 12 

Basal area (cm’) of large trees < 15.2 cm DBH 200 216 1,198 1,117 
Density of large trees > 15.2 cm DBH 0 0 2 2 

Basal area (cm’) of large trees > 15.2 cm DBH 14 55 819 1,006 
Number of tree species 4 4 6 3 
Number of shrub species 14 7 14 4 

Number of small-woody-stem species 13 6 12 4 

Distance (m) to nearest ec’ ge 5 3 5 5 

Height (m) of nearest edge 5.0 3.5 26 2.7 

Amount (%) of edge 93 14 9S 4 

Average distance (m) to edge il 10 12 12 

Distance (m) to farthest edge 19 20 24 28 

Height (m) of farthest edge 6.2 5.0 3.7 4.0 

Distance-to-height ratio for nearest edge 14 1.2 0.4 0.7 

Distance-to-height ratio for farthest edge 3.9 3.0 3.1 5.0 

Differences Between New and habitat variables (Table 4). The differences in 
, , habitat structure resulted from the vegetation on 

Old Singi ng Habitat old sites being in a later seral stage. As at new 

sites, habitat features at old sites were highly var- 

Univariate Analysis iable (Table 3). Although variable means have 
shifted along a gradient corresponding to struc- 

Significantly different mean or median values _ tural changes caused by plant-community devel- 
between new and old sites were found for 21 opment, the variances have not changed. 
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Table 4. Significance levels for tests of equal variances, means, medians, or dispersions for 40 habitat 
variabies measured at 15 new and 15 old woodcock singing sites. 

a _ Significance levels 

Equal variances Equal means* 

Variable or dispersions or medians 

Distance to water®.< 0.1275 0.0010 

Distance to diurnal cover® 0.7096 0.3054 

Distance to nearest singing ground < 0.0512 0.0912 

[tistsance to next nearest opening” 0.0041 0.1365 
Size of opening® 0.7000 0.1585 
Size of next nearest opening@ 1.0000 0.1776 

Stand age‘ 0.8445 0.0112 

Height of overhead cover 0.0818 0.0002 

Percent overhead cover>« 0.9215 0.0004 

Small-woody-stem cover O8s7 0.7910 

Herbaceous cover® 0) 3S44 0.0008 

Moss and lichen cover 0.1918 0.3562 

Litter cover>« 0.7755 0.00! 

Nonvegetative cover® 0.000) "0674 

Bare ground> 0.1545 0.4890 

Herbaceous heighit« 0.8481 0.0141 

Litter depth« 0.6122 0.000) 

Tree density>< 0.9403 0.0043 
Large-tree density®« 0.0417 0.0002 

Basal area‘ 0.0031 0 0001 
Small-tree density« 4 0.4621 0.0043 

| Shrub density” 0.3375 0.5062 

Large-shrub density” 0.3088 0.7819 

Small-shrub density” 0.3777 0.4783 

| Small-woody-stem density® 0.9350 0.2515 
| Density of large trees < 15.2 cm DBH*« 0.0235 0.0016 

) Basal area of large trees < 15.2 cm DBH*« 0.0129 0.0018 

Density of large trees > 15.2 cm DBH! - - 

| Basal area of large trees > 15.2 com DBH! - - 

Number of tree species? 0.0333 0.0474 

) Number of shrub species 0.0779 0.8009 

Number of small-woody-stem species 0.1112 0.8602 

; Distance to nearest edge 0.0464 0.4967 

Height of nearest edge 0.7000 0.0890 

Amount of edge 0.4000 0.0327 

Average distance to edge? 0.2431 0.9613 

Distance to farthest edge 0.2504 0.7146 

Height of farthest edge « 0.2818 0.0490 

Distance-to-height ratio for nearest edge” « 0.7937 0.0003 

Distance-to-height ratio for farthest edge 0.0623 0.1270 

*Satterthwaite’s approximation was used to compute the degrees of freedom for the f test when variances were 

unequal (Barr et al. 1976; Cochran 1963). 
*Transformed by VX. 
“New and old sites significantly different (P < 0.10) 

‘Variables teste for unequal dispersions and medians using nonparametric Moses ranklike and Mann-Whitney 

tests, rew<etively, 

“Transformed by 3,%. 
'No parametric or nonparametric test exists ve data. Only one new singing site had a tree greater than 

15.2 cm DBH:, therefore. this variable was » «stant (0) for new singing sites 
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Variales related to the presence of trees were 

significantly different at new and old sites 

(Table 4). Total tree density and basal area were 

about 3 and 10 times greater on old sites, respec- 
tively, with a higher proportion of trees in the 

7.6- to 15.2-cm DBH class (Table 3). Large- and 

small-tree densities were about 5 and 2.5 times 

greater on old sites, respectively. Old sites also 
had more species of trees. Vegetation was signifi- 

cantly older, higher. and covered more area on 
old sites. New sites were characterized by larger 
amounts of herbaceous cover, whereas old sites 

had more litter cover. 

Differences in amount of edge and edge 

heights also indicated differences in seral stage. 

The amount of edge surrounding old singing sites 
was greater because of the encroachment of vege- 

tation. Edge heights were lower for old sites be- 

cause about half of the old singing-site contact 

points were in wooded situations near edges 
created by openings. Edge height for an opening 
was zero; thus, a lower mean value resulted for 

this variable. The mean value for the distance-to- 

height ratio of nearest edge was significantly 

lower fcr old sites because an arbitrary value of 

zero was asigned when edge height was zero. 

Distance to water and distance to the nearest 
singing growad were significantly less for old 

sites. The relation between the two variables and 
seral stage resulted from a combination of land- 
use history, woodcock behavior, and plant-com- 
munity development. Examination of aerial 
photographs revealed that before the 1940's, 
woodcock habitat was restricted to areas too wet 

for agriculture. When farming was abandoned, 
more habitat became available at greater dis- 

tances from water. Thus, more new sites are 
farther from water than old sites. As woody vege- 
tation came to dominate old singing grounds, 
woodcock moved to nearby openings but main- 
tained an asociation with the old sites. Today, 
singing males are located close to old sites but 

maintain wider distances between active sites. 

The 21 variables showing significant differ- 

ences between new and old sites may prove use- 

ful for determining when suitable habitat is be- 
coming unsuitable. Old sites were unused during 

the present study, and many sites were clearly 
unusable because of large amounts of vegetative 

cover. Although these variables indicate differ- 

ences between suitable and unsuitable habitat. 
they cannot be used to classify habitat because no 
one variable can completely describe differences 
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between new and old sites. Discriminant func- 
tion analysis was used to classify habitats on the 
basis of a combination of discriminating 
variables. 

Reduction of Variables 

Eleven principal components accounted for 
90.2% of the total variance in habitat measure- 
ments. Correlations cf variables with the 

components were ordered from highest to lowest 

(regardless of sign), breaks were found, and var- 

iables with larger coefficients were selected for 
further anclysis. Seventeen of the 40 habitat var- 
iables were selected for partial correlation analy- 
sis. 

Three correlation coefficients >0.75 were 

found: average distance to edge was correlated 
with distance to farthest edge; herbaceous cover 

was correlated with litter cover; and small- 
woody-stem cover was correlated with small- 
woody-stem density. Distance to farthest edge. 
litter cover, and small-woody-stem density were 
selected as the “better” variables. Fourteen vari- 

ables remained for discriminant analysis. 

Discriminant Function Analysis 

The stepwise discriminant analysis resulted in 
a significant discrimination (P< 0.0001) between 

new and old singing sites based on six habitat 
variables. The null hypothesis of equal covari- 
ance matrices could not be rejected (P = 0.96). 

The contribution of each habitat variable to 
the discriminant function was determined from 

the standardized discriminant function coeffi- 

cients (Table 5). Litter cover was the most im- 
portant variable differentiating new and old 
sites. Small-woody-stem density, large-shrub 
density, bare ground, distance to water, and 
stand age were the next five important variables, 
respectively. 

The weighting of each discriminatory variable 
toward new or old sites was determined from the 

signs of the standardized discrimi: «nt coeffi- 

cients and the values of the classification func- 

tions coefficients (Table 5). Small-woody-stem 

density, large-shrub density, bare ground, and 

distance to water were weighted toward new 

sites. All other things being equal, large values 
for these four variables increased the likelihood 
of a site being classified as a new singing site. 

ae HE. 



Table 5. Standardized discriminant function and classification-function coefficients for 
discriminating between new and old woodcock singing sites. 

Standardized Classification coefficient = 

Importance rank Variable coefficient New Old 

l Litter cover -1.53804 -1.65361 1.22015 

2 Small-woody-stem density 0.86115 2.52412 0.64895 
3 Large-shrub density 0.73205 2.06068 0.46927 

4 Bare ground 0.69964 3.23513 0.78059 
5 Distance to water 0.67721 2.44180 1.22223 

6 Stand age —).58978 0.05171 0.24600 
Constant -16.52339 -12.00759 

Litter cover and stand age were weighted toward 
old sites. All other things being equal, large 
values for these two variables increased the likeli- 

hood of a site being classified as an c!d singing 
site. The nature of the variables comprising the 
discriminant function indicated that new singing 
sites were located in an earlier seral stage charac- 
terized by less litter cover, more small woody 
stems and large shrubs, more bare ground, 
greater distance to water, and younger stands. 

The decrease in distance to water from new to 
old sites has already been discussed. A similar 
decline in amount of bare ground was related to 

the land-use history of the study area. Overgraz- 
ing in the past left many barren areas on the 
abandoned fields. During the present study, 
woodcock often selected these spots for their sing- 
ing grounds. Old sites had less bare ground be- 
cause of colonization by herbaceous and woody 
vegetation. 

All sites were correctly classified by the dis- 
criminant function indicating complete separa- 
tion between groups (Table 6). The rapid devel- 
opment of woody cover in early seral stages was 

probably the most important factor contributing 
to the complete separation of groups. Open habi- 
tats such as singing grounds could become for- 

ested in 30 years, especially if invaded by fast- 
growing species such as aspen (Populus spp.). 
Twenty-nine sites (96.7%) were correctly classi- 
fied by the jackknife procedure (Table 6). Be- 

cause the classification of the jackknife did not 
differ greatly from the classification of the regu- 

lar function, the discriminant function was con- 

sidered an accurate measure of differences be- 
tween new and old sites. 

Assuming that old sites were unsuitable for 
singing males, we can estimate the rate of suit- 

able inchitat loss. The complete separation be- 
tween groups indicated that after 30 years, plant- 
ommunity development will have progressed 
sufficiently to make currently active sites unsuit- 
able for woodcock. The loss of all current singing 
sites over 30 years would represent a loss of 3.3% 
per year. The 3.3% annual loss is a conservative 
estimate because it is unknown when old sites be- 
came unsuitable. The wide separation between 
groups indicated that old sites were probably un- 
usable several years before the present study was 
conducted. Sheldon (1967) reported the annual 

singing-ground loss through plant-community 
development to be 8.5% for 67 singing grounds 
in Massachusetts. 

Use of the Discriminant Function 

The singing-site discriminant function could 
prove useful for habitat classification and 
management. It should be possible to sample 
areas similar to those examined in this study and 
to classify habitat as suitable or unsuitable. Var- 

Table 6. Classification of the 30 woodcock sing- 
ing sites into new and old singing habitat, 
using 6 habitat variables. 

Site Classification 

Analytical method, type —_ Ox 

and no. of sites No. 4% No. % 

Classification procedure 

New, 15 5 100 0 0 

Old, 15 0 0 5 100 

Jackknife procedure 

New, 15 14 93.3 l 6.7 

Old, 15 0 0 15 100 
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Table 7. Variables showing potential use for identifying habitat needs of woodcock. 

Use 

Variable 
Describing Classifying 

habitat 

Determining 

habitat unsuitability 

Spatial pattern 

Distance to water 

Distance to diurnal cover 

Distance to nearest singing ground 

Vegetative variables 

Stand age 

Height of overhead cover 

Percent overhead cover 

Herbaceous cover 

Litter cover 

Nonvegetative cover 

Bare ground 

Herbaveous height 

Litter depth 

Tree density 

Large-tree density 

Basal area 

Small-tree density 

Large-shrub density 

Small-woody-stem density 

Density of large trees < 15.2 cm DBH 

Basal area of large trees < 15.2 cm 

Number of tree species 

Edge variables 

Height of nearest edge 

Amount of edge 

Height of farthest edge 

Distance-to-height ratio for nearest edge 

iables comprising the function could be useful 
indicators for determining when singing grounds 

approach the unsuitable stage. Subsequently, 
habitat could be manipulated to create favorable 
conditions for woodcock. 

In summary, 25 variables have shown poten- 

tial use for either describing suitable habitat, 
determining if habitat is becoming unsuitable, or 

classifying suitable and unsuitable habitat 
(Table 7). These variables should be considered 

for inclusion in future studies of weodcock sing- 

ing habitat because they show potential for iden- 
tifying the habitat needs of the species. 

Conclusions 

1. Although all variables described suitable 
singing habitat in Bald Eagle Valley, four varia- 
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bles (distance to diurnal cover, percent overhead 
cover, stand age, and height of overhead cover) 
showed potential for describing habitat on a 
regional scale; mean values for these variables 
were in accord with results of other studies con- 
ducted in other parts of the woodcock’s range. 

2. Plant-community development during a 
30-year period was sufficient to convert suitable 
habitat into an unsuitable stage; 21 variables that 

showed significantly different mean or median 
values between new and old sites may be used to 
determine when suitable habitat is becoming 
unsuitable. 

3. A discriminant function consisting of six 
variables (litter cover, small-woody-stem 

density, large-shrub density, bare ground, dis- 
tance to water, and stand age) may be useful to 

classify woodcock singing habitat as suitable or 
unsuitable. 
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Abstract 

During spring and summer 1979, woodcock (Philohela minor) singing grounds were 

studied to determine whether there was a relation between habitat features and the fre- 

quency with which sites were used by displaying males. Twenty singing grounds in central 

Pennsylvania were visited 16 times by investigators during the dusk performance from 

mid-March to late April. For each singing groursd. a use index was calculated as the 
fraction of visits during which a displaying woodcock was present. Habitat analyses con- 

ducted from late May to early August consisted of vegetative, spatial, physiographic, and 

edge measurements made within and around a 0.04-ha plot centered on the male's 
principal landing sp Stepwise linear regression was used to relate the use index to these 

habitat characteristus. A multiple correlation coefficient of 0.88 was found between the 

use index and edge height, shrub density, and opening size. Because they are related to 

frequency of use, these habitat variables may determine the quality of active woodcock 

singing sites. 

Earlier investigations (Mendall and Aldous 
1943; Sheldon 1967; Lambert and Barclay 1975; 
Wishart and Bider 1976; Kinsley et al., this 
volume) have provided quantitative descriptions 
of singing-ground habitat and have helped to 
determine the range of habitat features that is 
acceptable to displaying male woodcock (Philo- 
hela minor). However, little is known of the fac- 
tors that determine the quality of otherwise usa- 
ble habitat. Presumably, site quality should be 
reflected in the breeding success of the displaying 
male. Thus, one might expect that better-quality 
sites would be frequented by older, more 
dominant birds, occupied more consistently from 
one year to the next, and used more frequently in 
a single singing season. 
We measured the frequency of use of wood- 

cock singing sites during one season as an index to 
site quality. Although physical and biological 
factors other than site characteristics may affect 
the frequency of site use, only the relation be 
tween the use index and habitat features was 
examined in this study. The composition of plant 

| Paper No. 6171 in the you nal series of the Pennsyl- 
vania Agricultural Experiment Station. 

communities on singing grounds varies through- 
out the breeding range, suggesting that no par- 
ticular species are important in determining site 
occupancy by displaying males (Wishart and 
Bider 1976). Consequently, vegetative structure 
and spatial and physiographic features were the 
focal points of this analysis. Our objective was to 
identify variables that might be used to assess the 
quality of usable singing-ground habitat. 

Methods 

Site-Use Index 

From 18 March to 26 April 1979, we made 16 
visits to each of 20 w vodcock singing grounds on 

State Game Lands 1/6 in Centre County, Penn- 

sylvania. The use of each singing ground by dis- 

playing woodcock was recorded on two ran- 
domly selected ever.ings during each of eight con- 

secutive five-day periods. Fach observer visited 
two or three sites each evening within a 30-min 

period. The sampling period began either when 
the first peent was heard or 15 min after sunset, 

51 
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whichever was earlier. For each singing ground, 
a use index was calculated as the decimal fraction 

of the 16 visits during which a displaying wood- 

cock was present. Several sites that were not used 
in 1979 were assigned a use index of zero; how- 

ever, for the purposes of this study, these sites 
were considered active singing grounds because 

they had been used in 1978 and in previous years. 

Habitat Analyses 

From 28 May to 3 August 1979, singing- 

ground habitats were analyzed by methods 

described by Kinsley et al. (this volume). Meas- 

urements were obtained within and around a 
square 0.04-ha plot centered on the male's 
principal landing spot. Briefly, the method in- 
volved the measurement of 26 vegetative varia- 

bles (including ground cover and overhead 

cover, basal areas, and stem densities), 6 spatial 
variables (including distances to water and the 

nearest used singing ground, and opening sizes), 
and 8 edge variables (including edge heights and 

distances to edge). The habitat analyses also 

included measurements of two physiographic 

variables (slope and elevation). Slope was de- 
fined as the maximum percent ratic of vertical to 
horizontal distance across the 0.04-ha plot along 
a line perpendicular to one of its sides. An Abney 
level was used to measure slope to the nearest 
percent. Elevation was defined as the height of 
the principal landing spot above sea level. Aerial 
photographs and a topographic map were used 
to determine elevation to the nearest meter. Dis- 
tance to diurnal cover was not measured. 

Statistical Analyses 

Stepwise linear regression (Neter and Wasser- 
man 1974) was used to examine the relationship 
between the use index and habitat character- 

istics. The STEPWISE procedure of the Statis- 

tical Analysis System (SAS) (Barr et al. 1979) was 

used, and the significance levels for adding and 

removing variables were set at 0.50 and 0.10, 
respectively. To avoid prediction bias and to 
eliminate variables that did not contribute 

greatly to the descriptive power of the model, 
only those variables that accounted for a substan- 

tial increase in R® were retained. The identifica- 
tion of these variables was facilitated by plotting 

R? versus the number of variables in the model 

(Neter and Wasserman 1974). Spearman rank- 

order correlations among the independent varia- 

bles in the final model were obtained by using 

the SAS CORR procedure (Barr et al. 1979). 

These correlations were calculated to determine 
whether multicolinearity (Neter and Wasserman 

1974) existed. Nonparametric correlation coeffi- 

cients were necessary for this step because two of 

the variables were not considered to be from 

normal distributions (Nie et al. 1975). The apt- 

ness of the final model was studied by examining 

the residuals (Neter and Wasserman 1974). 

Results 

Three habitat variables accounted for most of 

the variation in the use index. A significant 

(F = 22.4, P = 0.0001) relation was found be- 

tween the use index and height of farthest edge. 

shrub density, and opening size. The range, 
mean, and standard deviation for each of these 

variables are presented (Table 1) to describe the 

data from which this relation was derived. The 

multiple correlation coefficient was 0.88. The 

t-ratios (Neter and Wasserman 1974) indicated 

that the use of singing sites was correlated nega- 

tively wi'h opening size (ft = -3.35, P = 0.004) 

and height of farthest edge (f = -5.70, 
P = 0.0001) and that it was correlated positively 

with shrub density (¢ = 4.45, P = 0.0004). A 

Spearman rank-order correlation matrix re- 
vealed no significant correlations (P > 0.12) 

among these three habitat variables, indicating 

the absence of multicolinearity effects. From 

residual analvses. there was no evidence that the 

assumptions of the model were violated. 
The chances of obtaining meaningless correla- 

tions increase as the number of variables con- 

Table 1. Summary statistics for the use index and 

the first three singing-ground-habitat variables 
found to be significant using stepwise regres- 

sion, 

Standard 

Variable Range Mean deviation 

Use indey 0.00-40.94 0.31 0.34 

Height of farthest 

edge (m) 1.4-16.2 5.7 4.3 

Shrub density 
(stems) 04 ha) = 2,112-18. 880 8.634 4.569 

Opening size (m’) 42.-56.195 6.404 13.414 
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sidered gets larger. Thus, entering the 42 habitat 
variables into the STEPWISE program increased 

the chance of obtaining spurious correlations be- 
tween the use index and habitat characteristics. 

However, as the following section indicates, the 

relations described above are consistent with the 

literature, suggesting that they are not spurious. 

Discussion 

Singing-Ground Use in Relation 
to Habitat Characteristics 

Height of Farthest Edge 
The inverse relation between height of farthest 

edge and singing-ground use suggests that tall 
vegetation near singing grounds reduces site 

quality. A high edge bordering a singing ground 
presents a barrier to the low-trajectory ascent of 
the woodcock’s displaw flight, whereas a lower 
edge would allow for exit routes that are more 

conducive to the bird's low initial flight. Lam- 

bert and Barclay (1975) found that sites encircled 
by high, dense vegetation did not get extensive 

use, and they suggested that this was due to the 
lack of suitable flight paths. Sheldon (1967:63) 
emphasized the woodcock’s need for such exit 
routes, and he noted that tall surrounding edges 

“may limit the usefulness of an otherwise good 

singing site.” Thus, edge height in the direction 

of potential flight paths may determine the qual- 
ity of a singing ground by influencing the num- 

ber of suitable exit paths from that site. 

Shrub Density 

The frequent use of shrubby sites suggests that 
higher shrub densities inuprove singing-ground 

quality. High®r stem densities may improve site 
quality by providing increased protection from 
avian predators. Sheldon (1967) and Godfrey 
(1974) discussed observations and circumstantial 
evidence that implicate owls as predators of male 
woodcock on singing grounds. Avian predation 
could have led to a preference for sites with 
higher shrub densities. Information from pre- 
vious studies also suggests that this preference 
exists. Mendall and Aldous (1943), Sheldon 

(1967), and Weeks (1969) found that many sing- 

ing grounds had at least a scattering of shrubs on 

them. Wishart and Bider (1976:528) reported 

that “the structure of persistent cover in fieicts 
determined their use by woodcock, and pasturc: 

without woody vegetation were not frequented.” 

They concluded that woodcock apparently “use 
clearings without shrubs only when suitable 

fields are limited in number.” Thus, shrubbier 

sites may be of higher quality because the higher 
stem densities would tend to foil aerial attacks. 
Exceedingly dense vegetation, however, may 
reduce the quality of a site by hampering the 
bird's ability to make its courtship flight (Wishart 
and Bider 1976). 

Opening Size 

The frequent use of smaller openings indicates 
that opening size may affect site quality. How- 
ever, the relation between opening size and 
shrub density (r = -0.35, P = 0.13) and the 

frequent use of shrubby sites suggest that smaller 
openings were used more consistently because of 
their favored vegetative structure, rather than 

their size. Mendall and Aldous (1943) noted that 

the size of singing grounds varied widely and that 
no preference for any particular opening size was 
evident. Subsequent reports (Sheldon 1967; 
Wishart and Bider 1976) agreed with these obser- 

vations. Thus, although there may be a minimal 

opening size that is acceptable (Mendall and 
Aldous 1943), opening size per se does not appear 
to be important in determining the quality of 
singing sites. 

Conclusion 

Before habitat-manipulation plans based on 
these apparent relations can be implemented, 
their validity must be confirmed. By proposing 
relations that can and should be tested, this study 

serves as a starting point in a variable-identifica- 

tion process, which may ultimately provide a 
means of assessing the quality of singing-ground 
habitat. Once managers know which character- 

istics determine the quality of woodcock singing 
grounds, the effectiveness of habitat-manipula- 

tion practices can be improved. 
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Abstract 

Evidence is given to support low selectivity in choice of nest sites by woodcock (Philo- 

hela minor). Habitat characteristics measured at 30 woodcock nest sites were compared 

with non-nest control sites in Huntingdon County, central Pennsylvania. Mean nest 

density per vear was 1/4.8 ha within the 54-ha study area. Of 14 characteristics measured, 

higher shrub-stem density at nests was the only variable significantly different (P < 0.05) 

from controls by univariate t-test. A multivariate ¢-test showed no significant difference 

(P > 0.05) between habitat characteristics at nests and controls. A computed discrim- 

inant function also indicated little distinction between nests and controls. Spatial distribu- 

tion of nests for each of the three vears did not depart significantly (? > 0.05) from a ran- 

dom distribution. Although evidence is given for little overall selectivity, greater 

shrub-stem density at nests and associations related in part to “edge” habitat may be 

important in the location of substantial numbers of woodcock nests. The mean distance 

from nest site to nearest tree (1.0 ¢ 1.1 m) and to nearest shrub (22.5 « 17.8.cm) was sig- 

nificantly less (P < 0.01) than for control areas. Additional research on woodcock nest-site 

selection may lead to enhanced woodcock production in a variety of habitats 

Habitat research on the breeding grounds was 

an important priority when the first national 

'Present address: U.S. Department of the Interior. US 
Fish and Wildlife Service, Washington, DC 20240 
2Paper No. 238 of the Pennsylvania Cooperative Wild 
life Research Unit, jointly supported by the Penns: 1- 
vania Game Commission, the Wildlife Management 

Institute, and the US. Fish and Wildlife Service 

management plan for American woodcock was 
prepared (Liscinsky 1966), and it remains one of 

the important priorities in the recently proposed 
10-year management plan (Owen 1974, 1977). 

Nesting habitat has been described for various 

parts of the woodcock breeding range: in New 

York (Pettingill 1936), Maine (Mendall and 

Aldous 1943), Massachusetts (Sheldon 1967), 

Pennsylvania (Liscinsky 1972), and West Vir- 
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Fig. 1. Location of study area in central Pennsylvania. 

ginia (Kletzly 1976). Recent work has described 
woodcock habitat in terms of vegetative struc- 
ture, with emphasis on quantitative comparisons 
(Wenstrom 1974; Wishart and Bider 1976; Kroll 
and Whiting 1977; Morgenweck 1977), 
including nesting habitat (Causey et al. 1974; 
Clauson 1974; Chambers 1976; Bourgeois 1977; 
Gregg and Hale 1977; Rabe 1977). 

The objectives of the present study were: (1) to 

test the null hypothesis of no difference in habitat 
characteristics between woodcock nest sites and 
randomly chosen control sites, (2) to identify and 
describe physical and vegetational characteristics 
important for nest site selection by woodvock, 
and (3) to examine the spatial relations among 
woodcock nests. 

Location 

Nest searches were conducted on a 54-ha area 
(Charter Oak) in The Pennsylvania State Univer- 

sity Experimental Forest about 16 km south of 
State College in Huntingdon County (Fig. 1). A 

description of the area was provided by Henry 
(1969). Charter Oak has been an important area 
for woodcock, providing a good mixture of sing 
ing, nesting, feeding, and diurnal habitat. 

Experimental plantings, cuttings, and other 
treatments have been carried out for woodcock 
management purposes (Liscinsky 1955, 1972). 
The area has both well drained and poorly 
drained sites, and harbors pure and mixed stands 
of pine and hardwoods (Fig. 2). 

Nest Searches 

The area was searched systematically by two 

Fig. 2. Map of the Charter Oak study area showing 
types of cover in The Pennsylvania State University 
Experimental Forest. 

to four men with three to four trained pointing 
dogs; the only areas avoided were the interior 
portions of a stand of nearly pure white oak 
(Quercus alba), two pine (Pinus resinosa) planta- 
tions, and two larch (Lerix decidua) plantations, 

a total of 14 ha. Although these areas were not 
searched because of lack of suitable ground cover 
and lack of previous nest records, occasional trips 
were made through them. All nest searches took 
place in the morning during April and May at 
intervals of 4 to 7 days: 9 searches were made in 

1972, 12 in 1973, and 14 in 1974. 

Vegetation Analysis and Nest Placement 

Our method of vegetation analysis was pat- 
terned after that of James and Shugart (1970); it 
was used by James (1971), Whitmore (1975), and 

others to analyze habitat differences for bird 
species. Sample plots were 0.04-ha (0.1 A) circles 
(radius, 11.3 m) with the nest at the center. At 

each plot the following measurements were 
made: (1) percentage of available light, (2) soil 
moisture, (3) distance to nearest edge, (4) 

amount of edge in plot, (5) distance to nearest 

man-made edge, (6) maximum canopy height, 
(7) canopy cover, (8) number of shrubs, (9) num- 
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ber of tree species, (10) total number of trees 

present, (il) basal area of trees (trees < 2.5 cm 
DBH were considered to be 2.5 cm DBH for 
basal area measurements), (12) number of trees 

< 2.5 cm DBH, (13) number of trees 2.5 to 

15.2cm DBH, and (14) number of trees 

> 15.2 cm DBH. 
Spatial relations that were measured were dis- 

tances between (1) nest sites active the same year, 

(2) nest sites and the nearest shrub, and (3) nest 
sites and the nearest tree. 

Trees were considered to be any woody stem 
taller than 1.8 m, regardless of diameter. Shrubs 
were woody stems 1.8 m or less. Light measure- 
ments were taken with a Gossen Lunasix light 
meter (King Photo Corp., Woodside, New York). 

The reading obtained at the nest site (plot center) 
was divided by the reading taken in the open 
with no canopy to give the percentage of light 
falling on the plot compared to the total amount 
available. Soil moisture was measured with a 
model 2900 Soil Moisture Probe (Soilmoisture 
Equipment Company, Santa Barbara, Cali- 
fornia); this device enabled direct comparison of 
moisture in various types of soil. 
An edge was considered to be a distinct break 

in forest, shrub, or open-field vegetation. Edges 
on the study area were roads, trails, powerline 
rights-of-way, stream banks, field edges, and 
natural breaks in the canopy between forest 
stands and forest openings. 

Control plots were located by placing a grid 
containing 214 squares (0.25 ha each) over a map 
of the study area and selecting 15 plots from a 
table of random numbers. 

Measurements were made during the summer 

months after the nesting season. Although the 

time delay between nest selection and use, and 
subsequent analysis, may have resulted in a bias 
in the actual value for some parameters (e.g., 
light intensity, soil moisture, and canopy cover), 
the comparison of treatment and control con- 
sidered the relative difference in values. 

We employed the method of Clark and Evans 
(1954) to examine the dispersion of woodcock 

nests present each year. An R value was com- 
puted that used the distance between nearest 
neighbors (Clark and Evans 1954:447). The R 
value is a measure of the degree to which the 

observed distribution departs from random. If 
nests are randoinly distributed, R equals 1. If 
nests are clumped or aggregated, R approaches 
(). If there is uniform spacing between nests, R is 

en 

Fig. ‘4. Location of 30 woodcock nest sites and 15 con- 
tral sites on the Charter Oak study area. 

greater than 1. The statistical significance of de- 

partures from R = | was tested by using the nor- 
mal curve, following the Clark-Evans model. 
The standard variate of the normal curve was 
used in determining Usc probability. 

Nests 

During 1972-74, 34 woodcock nests were 

located; of these, 30 nest sites were later relo- 
cated and plotted for statistical comparison with 
the 15 control sites (Fig. 3). Nests were located at 

the rate of one per 9.2 dog-hours, or one every 
2.5 h in the field (Table 1). Each search period 
also lasted nearly 2.5 h, so a mean of one nest was 
located per search day. The mean number of 
nests located each year was 11.3, and the mean 
density of nests per year was 1/4.8 ha. The high 
density of nests on the Charter Oak area is in con- 

trast to the extremely low nest density on nearby 

State Game Lands 176. From one to five search 

areas, varying in size from 3 ha to about 60 ha, 
were searched with pointing dogs during eight 

trips totaling 21 h, from 1972-74. No nests were 
found there, even though the mean number of 

BEST DOCUMENT AVAILABLE 



Table 1. Results of woodcock nest searches on 

Charter Oak study arca of The Pennsylvania 
State Univ: rsity Experimental Forest. 

Variable ig72)S («1973 1974 Mean 

No. of trips 4 12 id 17 
No. af hours b>) 26 33 wo 

Dog -houre 122 91 oo] 104.0 

No. of aests il il 12 11.3 

Dog-hours nest 11.0 &.3 &.2 92 

“One hour of work by one dog is 1 dog-heur 

singing males present along the 13-km access 
road each year was 15. From 7 to 9 singing males 
were present each year at Charter Oak. 

Comparison of Nest 
and Control Sites 

Nest and control plots fell with similar fre- 
quency in three broad cover types (Table 2). The 
means for only 1 of the 14 variables differed 
statistically by univariate t-test. Shrub-stem 

density was signiticantly (?<0.05) greater at 
nests than in control areas. We then applied the 
Hotelling T* statistic, the multivariate form of 
the Student's t-test (Morrison 1967). We com- 
pared the two sets of habitat measurements 
(Table 3) and tested the null hypothesis of no dif- 
ference between nest sites and control sites. The 

hypothesis was not rejected at the 0.05 level 
(0.05<P<0.10). 

Table 2. Relations of nest sites and control sites to cover type and canopy cover. 

Forested. 

Type of —_ 

ute and ” 

number No “% 

Nest (90) 10 3 

Control (15) 5 44 

Site characteristics 

Openings. 

Brushy edges. nearly open 

medium canopy canopy 

No - No 

4 wD il sri 

4 2 6 #0 

Table 3. Means and standard deviations of habitat variables measured in 0.04-ha plots at 30 wood- 
cock nest sites and 15 control sites. 

Variable 

Percentage of available light 

Soil moisture (rb) 

Distance (m) to nearest edge 

Amount of edge in plot (m) 

(*t=ance (m) to nearest man-made edge 

f Maximum canopy height (m) 

Cana cover (" ) 

S. No. of shrub stems in 0.008 ha subplot 

0. No. of tree species in plot 

10. No. of trees in plot 

11. Basal area (m’*) 

12. No. of tres < 250m DBH 

13. No. of tres 2.5 to 15.2 com DBH 

14. No. of tres > 15.2 cm DBH 

wes. who — 

ye OW 
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Nest Control ; 

Mean S.D. Mean SD 

GLB 45 95.0 4.0 

7.6 7.1 7.6 4.5 

94 10.4 13.7 12.5 

15.2 17.4 a5 98 

728 6.45 87.1 TOR 

11.0 43 11.6 91 

19.2 9.1 22.9 98 

¥M 226 2M 129 

6 3 7 3 

49 4) 74 5A 

0.24 0.22 0.0 0.18 

23 29 42 33 

22 19 2 21 

4 5 3 3 



These test results indicated that nest plots were 
not obviously and sharply distinguishable from 
randomly chosen contro! plots, and that wood- 
cock do not appear to be restrictive in their re- 
quirements for nest site location, considerin: the 

site as the entire 0.04-ha circle (the positioning of 
the nest within the plot is discussed later). In- 

deed, some control plots may have contained 
nests in the past and could do so in the future. 

Since the differences between nest and control 
plots approached significance, we felt that 
further comparisons would be useful. It seemed 
probable that woodcock did not nest at random 
on the study area because of their apparent asso- 
ciation with higher stem density of shrubs, lower 
tree density, and proximity to an edge: 95% of 

the nests were within 20 m of an edge. In New 

York, Chambers (1976) and Clauson (1974) 

reported that 7 nests were 17 + 14 m from the 

nearest herbaceous opening. In Michigan, 
Bourgeois (1977) recorded a mean distance of 
7 + 4m to the nearest edge for 16 nests. 

Multivariate Discriminant Analysis 

Since the multivariate analysis showed no sig- 
nificant differences between groups, whereas the 
univariate analyses indicated significance for at 
least one variable, we investigated group differ- 
ences for subsets of variables. The two-group 
stepwise discriminant function (Jennrich 1977) 
was used to: (1) ducover those combinations of 

habitat features which best highlight group dif- 
ferences, (2) develop a classification function for 
use in identifying the nesting potential of new 

sites, and (3) assess the classification accuracy of 
this function. The rate of correct classification 

depends on the similarity of habitat features 
among groups; for quite distinct groups the rate 

may be expected to be high. 
Shrub-stem density was elected first by the 

stepwise procedure, on the basis of univariate 
group differences. It was followed in order by 
percentage of light. amount of edge, canopy 

cover, and number of trees in the largest size 
category. The importance of these variables was 

determined by a comparison of the full discrimi- 
nation function with one from which individual 
variables were deleted. The order of importance 
was, in fact, identical to the order of entry. 
except that percentage of light was least impor- 
tant. This finding stems from the high correla- 

tion of light with the remaining habitat features, 
so the deletion does not result in 2 substantial 
decrease in discriminatory power. 

The discriminant function was also evaluated 

by its accuracy for classifying sites into groups. A 
jackknife classification procedure (Lachenbruch 

1967) was used to assess the rate of correct classi- 
fication, based on 30 nest plots and 15 control 
plots. Of the 30 nest plots, 21 (70%) were cor- 

rectly classified, as were 11 (73%) of the 15 con- 

trol plots. The overall rate was 71% . indicating 
that this discriminant function could correctly 

classify random plots of woodcock habitat with 
71% accuracy. By chance alone, however, we 

would have expected 55% accuracy in classifica- 
tion ability based on the sample sizes we used 
(Cohen 1960, 1968). 

To eliminate the bias inherent in stepwise pro- 
cedures (Hocking 1976), and to provide adai- 
tional information with which to select the 

important variables, we used a second approach 
which considers discriminant functions for all 
possible combinations of variables (McCabe 
1975; McCabe and Pohl 1973). In this method 
we ask a series of questions, “Given only one var- 
iable, which one is best able to discriminate be- 
tween the groups?” We ask this again for two 
variables, for three, for four, and so on. The most 
important single variable was shrub-stem density 
(No. 8, Table 3); the best two variables were 
light and shrub stems; the best three were 
shrub-stem density, the amount of edge, and the 
number of trees > 15.2 cm DBH. The best four 
were amount of edge, canopy cover, number of 
trees, and basal area of trees. 

The collection of features given by stepwise 
discriminant analysis closely matched those pro- 
duced by the all-discriminations procedure and 
had approximately the same discriminatory 

power. The all-discriminations procedure neces- 
sarily outperformed the stepwise procedure when 
evaluated by the significance of group differ- 
ences, though error rates in stepwise discrimi- 
nant analysis were occasionally lower. Overall, 
the two procedures produced comparable results, 
both in the selection of variates and in their 
awessment. 

Nest Placement in Plot 

Two additional variables were measured to 

describe nest placement within the plots more 
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closely Before taking measurements, we 

observed that nests were typically located within 
1 or 2 m of the base of a tree or shrub. Such nest 

1967; Clauson 1974), but no quantitative data 
are available. We measured the distance from 

each nest and control site to the nearest tree and 
nearest shrub. The mean distance from nest site 
to tree (1.0 + 1.1 m) and from nest to shrub 

(228 + 17.8cm) was significantly less 

(P < 0.01) than for controls. Controls were 
3.224Sm from the nearest tree and 

81 + 112 cm from the nearest shrub — a substan- 
tial difference. This departure suggests that, 
within suitable nesting habitat, woodcock are 

selective as to actual placement of the nest in 
relation to surrounding trees and shrubs. 

Dyer and Hamilton (1977) indicated that 

woodcock prefer a narrow range of light inten- 
sity for diurnal cover. This phenomenon was evi- 
dent for nests, particularly near or within open- 
ings where nest placement | m or more away 

from the nearest tree (shrub) would expose the 
nest to a sharp change in canopy cover and, 
therefore, in light intensity. Nests located on 
forested edges, where there was rather contin- 
uous Canopy cover, were farther from the nearest 
tree or shrub than nests in openings. 

Spatial Distribution of Nests 

Three patterns ~an generally be recognized for 
describing spatial relations of populations, in this 
instance woodcock nests: (1) random, (2) uni- 

form spacing (maximum distance between nests), 
and (3) clumped or aggregated (Odum 1959). 

The dispersion of nests did not vary signifi- 
cantly (P > 0.05) from random for any of the 
three years (Table 4). There was no consistent 

tendency toward either a uniform or clumped 
distribution. 

Discussion and Conclusions 

Previous research in Pennsylvania, as well as 
in other states, found low selectivity for wood- 
cock nest location. Liscinsky (1972) indicated 
that woodcock use a wide variety of cover types 
in Pennsylvania and that nest site requirements 
are few. Mendal!l and Aldous (1943:89) stated 

that in Maine, “The cover that immediately sur- 

rounds the nests is so varied in both type and ex- 

Table 4 ~ ‘ial relation among woodcock nests 

over aa area on The Pennsylvania State 
University Experimental Forest. Huntingdon 
County, Pennsylvania. 

Year 

Statistic 1972 i973 1974 

N ll i! 12 

ft. oO 410 wm 

ty SS VMS Jaa 

R 0.93 1.12 0.86 

c 0.44 0.78 O86 

Probability” of a sig 

nilicant departure 

from random 0% 0.43 ee) 

“From Clark and Evans (1954) 

*P > 0.05. 

tent as to discourage correlations.” Sheldon 

(1967) reported that in Massachusetts, woodcock 
nests were found in abandoned fields, cor ‘er 
plantations. brushy areas, mixed forests of all 
ages, and blueberry fields. Chambers (1976) 
found 17 nests in eight types of cover in New 
York. 
Our data provide additional evidence to sup- 

port low preference for nest-site selection in 
woodcock. Nests were neither clumped nor 
evenly spaced, and their distribution did not de- 
part significantly (P > 0.05) from random place- 
ment. We suspect the size and positioning of suit- 
able cover types afforded abundant nest-site 
locations throughout the 54-ha area. The area 
contained a mixture of singing, nesting, and 

brood-rearing habitat as well as summer field- 
roosting habitat that holds woodcock from April 
to November. 

The most important habitat variable that dis- 
tinguished nest from non-nest areas was 
shrub-stem density. Significantly (P < 0.05) 
higher stem density at nests may be related to the 
proximity of nests to “edges” where conditions for 

increased shrub density are usually more favor- 
able. Nests were located only a short distance 

from natural and man-made edges (9.4 « 
10.4 m), and the mixture of habitat types on the 
study area provided an abundance of edge cover. 
In Wisconsin, 20 of 32 nests weve within 10 m of 

an edge (Gregg 1974), and in Massachusetts, 30 

nests were within 46m of an edge (Sheldon 
1967). 
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We conclude that woodcock do not appear to 
be sharply selective in choice of nesting cover. 
However, proximity to an edge. reduced light in- 
tensity, distance from the base of a ..carby tree or 
shrub. and especially greater shrub-stem density 
in the nest area appear to be important factors in 
the selection of nest sites by woodcoack. 

study of woodcock nest-site selection. Of particu- 
lar importance is the need for research on the aze 
and positioning of habitat types as they relate to 
woodoock use. It appears that a mixture of cover 
types in relatively small blocks of suitable habitat 
can provide important nesting cover, and that 
such areas should be maintained to provide for 
optimum woodcock production. 
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Abstract 

Captures of 102 American woodcock (Philohela minor) broods, including 338 chicks, 

from 1977 to 1980 provided data on age-related production by breeding females and on 
growth and survival of chicks. Although broods of second-year females are smaller and 

hatch at slightly later dates and the growth of the chicks is slower than that of broods of 

after-second-year hens, we could detect no difference in survival of the chicks. Yearly var- 

iation in the sex ratio of fledged young was probably the result of selection for or against 

larger temale chicks during different environmental conditions. Broodmates associate 

with each other throughout the summer, and there are differences in habitat preferences 

between young (1-5 days old) and older (> 5 days old) broods. Older broods prefer more 

open, mature forest stands with fewer trees pe: hectare. 

Studies of habitat selection tv’ American 
woodcock (Philohela minor) broods ive been 

reported by Wenstrom (1973), Bourgeois \.~. 

and Rabe (1977). Information on age-related 

production by breeding females and on growth 
and survival of woodcock chicks is more difficult 
to obtain, however, and requires long-term 
projects on specific study areas, with large num- 
bers of broods and hens captured annually. A 
large-scale spring and summer woodcock capture 
program in operation since 1977 on the Moose- 
horn National Wildlife Refuge in Maine has 

yielded new information on these topics. We pre- 
sent observations from tht program on age- 
related aspects of production in adult female 
woodcock, growth of woodcock chicks, survival 
of chicks to the post-fledging period, sex ratio of 
fledged chicks, and age-specific habitat selection 

by woodcock broods. 

Study Area and Methods 

The Baring Unit of the Moosechorn National 
Wildlife Refuge is located in eastern Washington 

County, Maine, near the Canadian border. 
Mendall and Aldous (1943) conducted an early 

study of woodcock ecology and management on 

both the Baring and Edmunds units of the 
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refu:ve. Major cover types on the area range from 
pure coniferous to pure hardwood, with scat- 

vered openings consisting of hayfields, blueberry 
(Vaccinium angustifolium) fields, old homesites, 

and in recent years small to medium-sized 
(0.1-8.1 ha) clearcuts. The most common coni- 

fers are white pine (Pinus strobus), spruce (Picea 

spp.), and balsam fir (Abies balsamea), all occur- 

ring in both pure and mixed stands. Hardwood 
species include white birch (Betula papyrifera), 
gray birch (B. populifolia), red maple (Acer 

rubra), and aspen (Populus spp.). Speckled alder 

(Alnus rugosa) occurs commonly in wet areas 

and as an invader in old fields. 
Woodcock broods were located each year from 

1977 to 1980, using techniques described by 
Ammann (1974, 1977). Briefly, this involved 
searching all likely areas in forest stands, along 

upland field edges and roadsides, and in alder 
covers with one or two traived pointing dogs. 

The only major cover type not routinely searched 
consisted of pure spruce-fir stands. When broods 
were located, a special effort was made to cap- 
ture the hen as well as to locate and capture all 
chicks. Brood size was always presumed to be 
four until very careful searching did not yield 
four chicks. In fact, most broods of less than four 
chicks were purposely relocated one or more days 
later to make sure chicks had not been over- 
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looked. Intensive brood searches usually began 
about 10 May each year and concluded by 
1 June. A few broods were located each year 
after 1 June, especially in 1980. 

trees and calcuiating shrub density and canopy 

height in a 0.04-ha circle centered at each brood 
capture site. The Statistical Analysis System 
(SAS) group of computer programs (Barr et al. 

The hens and all chicks were banded, weighed 1979) was used in data analysis. 

to the nearest gram, and bill-length measure- 

ments taken to the nearest 0.5 mm. Chicks were 

aged in days, using bill-length measurements 
(Ammann 1974), and hens were separated into Brood Females 
age classes by wing characteristics (Martin 1964). 

Hens | year old are defined as second year (SY), 

and hens 2 years old or older are defined as after 
second year (ASY). 

An intensive banding program using ground 

traps (Liscinsky and Bailey 1955), mist nets 
(Sheldon 1967), and nightlighting techniques 
Rieffenberger and Kletzly 1967) was conducted 

on the study area each year from the first week of 

June until the last week of August. This trapping 

program involved daily ground trapping on nine 
traplines consisting of from 6 to 23 separate traps 
located in predominately alder covers through- 
out the study area. Mistnetting was conducted 
weekly on all major upland fields and forest 
openings on the study area that had a past history 
of nocturnal roosting by woodcock. From 10 to 

30 nets were used in each field per night, cepend- 
ing upon field size. Nightlighting techniques 
were used in the same fields when weather condi- 
tions were optimal (meaning overcast skies with 
moderate to heavy rain). These weather condi- 

tions normally occurred less than once per week 
during the 12- to 13-week capture period each 
summer. 

Vegetation data were gathered at brood sites 

from 1977 to 1979, using the techniques of James 
and Shugart (1970). This involved measuring all 

Age-Specific Nesting Ecology 

Of the 102 brood females, 69 were caught with 
their broods. The largest percentage of brood 
hens were ASY females in three of the four years 

(Table 1). In 1978, however, more than half 

(58 % ) of the brood females encountered were SY 

(Table 1). Total captures of all females each year 

showed the same relative proportion of ASY and 
SY females as did captures of only brood females. 
Thus, more SY females were present in the over- 
all population in 1978 than in the other three 
years. 

The average brood size per ASY hen was larger 
than the average brood size per SY hen in all 
years (Table 1). Results of a t-test, however, were 

not significant (P > 0.10), either for any one 
year or over all years. Each year, peak hatching 

dates for all broods occurred during the first and 

second week || May (Fig. 1). Peak hatching date 

based on our brood searches was somewhat later 

for broods with SY hens in 1977 and 1979 (Table 

1). In 1980, however, the peak hatching date for 

broods with SY hens was earlier. A much wider 

range of hatching dates was exhibited by SY 

brood females than by ASY hens in all years 

except in 1980. 

Table 1. A yearly comparison of American woodcock brood data from Maine, based on brood 
female age.* 

Percent brood Averae » brood Peak hatching date 

females size per for broods 

ASY SY ASY SY ASY SY 

S77 75 (15) 25 (5) 3.1 2.7 10 May 15 May 
1978 42 (8) 58 (11) 3.5 2.2 12 May 13 May 
1979 70 (7) WD (3) 3.9 3.0 9 May 15 May 

1980 75 (15) 25 (5) 2.9 2.8 ll May 7 May 
All vears 65 35 3.5 2.9 10 May 12 May 

‘Sample size in parentheses 
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Fig. 1. Hatching chronology of American woodcock 
broods, 1977-80. Date shown is the midpoint of a 
5-day period. 

Female Homing 

From 20 to 50% of the females captured each 
year had been banded on the study area in a pre- 

vious year. Six brood females were recaptured in 
two of the four years of study. With one excep- 
tion, capture locations for these females were in 
the same general area as previous capture sites. 
The mean distance between capture sites was 
303.5 + 55.8 m (range, 120-600 m). Two of the 
six recaptured hens were quite old when last con- 
tacted (5 and 8 years old). 

Five returning brood females had first been 
banded on the study area as chicks. Two of the 

five were caught with broods in the same loca- 

tion (+ 5 m) where they had first been banded 

as chicks the previous year. The other three hens 
were captured from 840 to 1,380 nm from their 
original capture sites. 

Chicks 

A total of 338 chicks was captured during the 
four-year study. Recapture rates for chicks dur- 

ing summer trapping operations were 43, 31, 38, 
and 22% during 1977 to 1980, respectively. 

Growth of Woodcock Chicks 

Weight data from captured chicks of various 
ages provide some indirect evidence of the 
growth rate to slightly beyond flight stage. Since 

nany fledged chicks were recaptured later each 
summer when they could be sexed, we were able 
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Table 2. Linear model, showing the efjects of 
year, chick sex, and hen age on chick weight. 

Source df F-value P>F 

Model ll 131.32 0.000) 

Year 3 124 0.3039 

Chick sex | 468 0.0345 

Hen age l 0.30 0.5865 

Brood age 1 849.30 0.0001 
Brood age x year 3 0.67 0.5770 

Brood age x chick sex ] 6.95 0.0106 

Brood age x hen age 1 0.11 0.7445 

to look at the effects of sex, year, and of hen age 
on the weight increase (g/day) of chicks. 

A linear model (Table 2) showed that chick sex 

had a significant effect on the growth rate. 
Females gained weight at a faster rate (P = 

0.011) than males (Fig. 2). The growth rate of 

male chicks was 5.1 g/day, whereas the growth 
of female chicks was 6.2 g/day. This result was 
expected, since adult females weigh more than 
adult males (Mendall and Aldous 1943; Sheldon 

i967). Nonetheless, this is a very rapid growth 
rate for both sexes, and substantial amounts of 
high-protein foods must be required to sustain it. 
Sheldon (1967) documented that captive adults 

need approximately their body weight in earth- 
worms jer day to maintain their weight. 
We ais) tested for differences in weight gain of 

chicks between the two age classes of hens 
(Table 3). The growth rate of chicks with SY 

hens was significantly slower (P = 0.013) than 
that of chicks with ASY hens; this difference 
amounted to 0.5 g/day. 

sow w« ww @ *@ 

#EOOL aus bars 

Fig. 2. Weight gain of male and female American 

woodcock chicks. Each value on the graph may 
represent more than one observation 

LE 



Table 3. Linear model, showing the effects of 

hen age on chick weight. 

Source df F-vwalue P>F 

Model 3 1498.9 0.0001 

Hen age l 76 0.0063 

Brood axe l 4083.9 0.0001 

Hen age x brood age I 6.3 0.0126 

Survival of Chicks to Fledging 

A good indication of the mortality of chicks to 

slightly beyond flight stage is available from the 
102 broods of various ages captured during the 
study. A regression model was constructed of the 

number of chicks per brood versus brood age. An 
equation of the form Y = -0.09x + 3.9 
resulted, indicating a low attrition rate (0.09 

chicks per day) for chicks over the entire brood 
period. Mendall and Aldous (1943) also con- 
cluded that the attrition rate was low in wood- 
cock broods but provided no supporting data. 

We also examined our data to see if hen age 

had any effect on brood size and thus on chick 
survival. Recall that a previous analysis had 
shown faster weight gain and a greater average 
brood size for broods with ASY hens. A linear 

model that tested the effect of year and hen age 
on brood size approached significance (P = 0.08) 

for year effects only. Thus, year effects may be 

more important in determining brood size and 
chick survival than hen age. It may also be that 
we could not detect the effect of hen age on sur- 

vival because of sampling variation. A difference 
in growth rate of 0.5 g/day due to hen age would 
seem to have significant survival value. 

Sex Ratio of Young 

The sex ratio of fledged chicks we recaught 

later each summer was not 50:50 in all years. A 
chi-square analysis in a 2 x 4 contingency table 
showed significant yearly variation in the sex 

ratio (X* = 7.84, df = 3, P = 0.049). To deter- 
mine which years explained the variation, we 
calculated the exact binomial probability (Siegel 

1956) of obtaining the observed sex ratio if the 

real ratio was 50:50 (Table 4). In 1978, the sex 

ratio was skewed (2? < 0.10) toward females, and 

in 1979, the reverse was true (Table 4). 

Fisher (1930) first hypothesized that if one sex 
of offspring cast more to produce in terms of 

Table 4. Percentage of males in recaptures of 

fledged chicks and the probability of obtaining 
the observed sex ratio if the real sex ratio 

was 0.5. 

Number Percent —_ Probability Year 

1977 37 51.3 1.000 

1978 31 32.2 0.071 

1979 23 69.6 0.083 

1980 21 57.1 0.664 

All vears 112 50.9 0.935 

parental investment, the sex ratio should be 
skewed toward the other sex at the time of inde- 

pendence. Howe (1977) presented data on sex- 
ratio adjustment in the common grackle (Quisca- 
lus quiscula), a strongly sexually dimorphic 
species in which males participate in rearing the 
altricial young. He argued that since female 

grackles were smaiier, they were the least expen- 
sive sex to rear and would be favored during 

times of resource scarcity. American woodcock 
also show strong sexual size dimorphism, but 
in the opposite direction than grackles (i.e 
females are larger). Young of the American 
woodcock are precocial, and there is no male 
parental investment in rearing young (Mendall 
and Aldous 1942). Female woodcock chicks are 

larger and they grow more rapidly (Fig. 1) than 

males, and thus probably cost more to rear in the 
context of Fisher's (1930) and Howe's (1977) 

argument. Our data seem to support Howe's 

(1977) argument, since we have some evidence 
that 1979 was a year of environmental stress, and 

the sex ratio from the sample of fledged young 
favored males. Total precipitation during late 
April (late incubation period) and during the en- 
tire month of May (hatching period) was four 
times as high (more than 31 cm) as the average 
for the other three years (Table 5). In fact, over- 

all production of young seemed much lower in 
1979, with captures of all chicks down by one- 
third and overall summer captures of hatching- 
year birds down 40%. 

Precisely how much care a woodcock female 

affords her precocial young is unknown. Sheldon 
(1967) believed that American woodcock chicks 
could feed themselves as soon as the volk sac was 
resorbed. Tuck (1972) believed that snipe (Ce- 

pella gallinago delicata) chicks were depend. 

ent on an adult for food during the first week or 

two of life because of their short bills, which 



Table 5. Average daily maximum temperature 
and total precipitation on the Mooschorn study 

area during the last week of April and in May. 
1977-80. 

Average daily Total 

matimum temperature precipitation 

Year (°C) (cm) 

IsTT 7 10.8 

197s 19 3.9 

1979 i4 31.2 
140 If 74 

could not reach the main source of food in the 
soil. Marcstrom and Sundgren (1977) showed 

that European woodcock chicks (Scolopax rusti- 
cola) were not adept at feeding themselves until 
they were | week old. Although we have no data 
on chick feeding, our experience shows that 
female woodcock brood their chicks at night and 

during inclement weather until they are 2 to 3 
weeks old. The assumption can logically be made 
then that female woodcock are very important to 
th survival of their chicks for a significant part 
of the brood-rearing period. Because female 
chicks are larger and grow at a more rapid rate, 
hens could find ii difficult to brood them during 
their first weeks of life in the event of inclement 
weather. 

Trivers and Willard (1973) argue that species 
with high variance in male reproductive success 
(compared to females) should show high variance 
in sex ratios produced, based on differences in 
female condition. Male woodcock certainly have 

high variance in reproductive success because of 

their polygamous mating system (Sheldon 1967) 
and the presence of subdominant males at court- 

ship sites (Whitcomb 1974; Godfrey 1975) that 
may not inseminate any females. We might spec- 
ulate then that the production of more female 
young in 1978 was the result of the preponder 
ance of SY brood hens (Table 1), which were in 

poorer condition than ASY hens. We could not, 
however, demonstrate any difference in condi- 
tion between SY and ASY hens by using weight as 
a criterion. Compared with the other three 
years, 1978 was the warmest and driest (Table 
5). Perhaps these more favorable conditions 
allowed the production of more female young. 

The sex ratio for all years was close to 50:50 

(Table 4). Thus, despite vearly variation, the 
long-term resuit is production of equal mux ~bers 
of each sex. 

Summer Association of Fledged Chicks 

More than one member of the same brood was 
recaptured in 25 of the 102 broods. In 14 of these 

broods, twe or more members were captured in 
the same location. Of all recaptured chicks, 57 % 
were contacted on the same trapline or in the 

same roosting field as a sibling. Horton and 

Causey (this volume), using radiotelemetry, 
found that members of the same woodcock brood 
were found in close association for up to 6 weeks 
after brood breakup. These results indicate that 
even after brood breakup, sibling ma*es maintain 
a strong attraction to the same covets. 

Habitat Selection 

Woodcock broods were ‘ound in virtually all 

types of cover on the study area. Predominant 

tree species at brood sites were gray birch, aspen, 
spruce, white pine, balsam fir, red maple. and 
white birch (Table 6). Alder, beaked hazel 
(Corylus cornuta), willow (Salix spp.), and 

Viburnum (Viburnum spp.) were the most 
important shrub species (Table 6). Examination 
of importance values (Curtis and McIntosh 1951) 

for major tree species (Table 6) indicates that 
even though conifers are usually present, two 
hardwood species (gray birch and aspen) are by 
far the most important components of the forest 
stands at brood sites. © ““erous components of 
forest stands at broo » were mainly under- 

story species, as indicated by thei: relatively low 
importance values. 

Habitat Selection Versus Brood Age 

Vegetation information from brood sites was 

examined to determine if vegetation structure 
was similar at brood sites regardless of the age of 

the broad. Broods were separated into two 
groups on the basis of their age: very young 
broods (1-5 days old), and broods older than 5 
days. 

Three vegetational variables — stems per hec- 

tare of trees 7.6-15.2 cm DBH, tota’ trees per 

hectare, and total basal area (m*/ha) — were sig- 

nificantly greater at sites where very young 

broods were found (Table 7). A corre’ation ma- 

trix of all variables showed a large. significant 

(P < 0.0001) correlation between the first and 
the second of these variables, indicating that the 
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Table 6. Frequency of occurrence (%) of major tree and shrub species at woodcock brood locations 
in Meine and importance values for major tree species. 

Species Frequency {%) Importance valuc~ 

Trees 

Gray birch (Betula populifolia) 85.5 74.2 

Aspen (Populus spp.) 75.0 70.5 

Spruce (Picea spp.) 66.0 4 
White pine (Pinus strobus) 4.0 L178 

Balsam fir (Abies balsamea) 52.5 19.2 ¥ 

Red maple (Acer rubrum) 49.5 31.9 

White birch (Betule papyrifera) 36.0 23.2 

Choke cherry (Prunus virginiana) 19.5 3.5 

Tamarack (Larix laricina) 15.0 9.1 

Red pine (Pinu resinosa) 10.5 1.8 

Wild apple (Malus pumit‘a) 6.0 1.0 

Pin cherry (Prunus pennsylvanica) 45 0.9 

White ash (Fraxinus americana) 45 1.1 

Black cherry (Prunus serotina) 3.0 0.7 

American beech (Fagus grandifolia) 3.0 1.2 

Northern red oak (Quercus rubra) 3.0 0.6 

Striped maple (Acer pennsylvanicum) 15 0.5 

American elm (U]mus americana) 1.5 0.4 

Shrubs 

Speckled alder (Alnus rugosa) 58.5 

Beaked hazel (Corylus cornuta) 39.0 

Willow (Salix spr) 9.0 

Viburnum (Vil urnum spp.) 27.0 

Spirea (Spirea spp.) 10.5 

Serviceberry (Amelanchier spp.) 7.5 

“Importance value = sum of relative frequency, relative density, and relative dominance + 3 (Curtis and 

McIntosh 1951) 

Table 7. Mean and + SE (given in parentheses) of vegetational variables at capture locations of 

different-aged woodcock broods. 

Brood age 

Variable Very young* (N = 23) Older® (N = 42) 

Number of trees/ha 

7.6-15.2 en DBH*** 112.2 (10.4) 76.1 (7.7) 

15.3-22.9 em DBH 29.4 (4.5) 26.5 (3.3) 

23.0-38.1 cm DBH* 4.6 (2.1) 8.9 (1.5) 
38.2-53.3 cm DBH 0.4 (0.2) 0.3 (2.0) 

Number of small trees/ha (< 7.6 cm DBH) 248.8 (37.8) 186.9 (27.9) 

Shrub stems/ha 11,155.11 (2,811.4) 12.916.6 (2,080.5) 

Total trees/ha** 146.7 (12.8) 111.8 (9.5) 

Total basal area (m"/ha)** 12.4 (1.1) 9.1 (0.8) 
Canopy height (m) 14.5 (1.0) 13.5 (0.8) 

“Very young = 1-5 days old 

“Older = 5 days old or older 
"P< 0.10 

"*P < 0.05 

***P «< OO) 
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presence of trees 7.6-15.2 cm DBH was a con- 
trolling factor in values for total trees per hectare 
and total basal area per hectare. The number of 
stems per hectare of intermediate-sized 
(22.9-38.l cm DBH) trees was significantly 
greater (at the 10% level) at sites where older 
broods were found (Table 7). 

Stepwise discriminant analysis, which devel- 
ops an equation that maximizes between-group 
variation (Lachenbruch 1975), was performed 

on all habitat variables. This analysis indicated a 
significant (P < 0.01) discriminating function 
which picked one variable (stem density of trees 

7.6-15.2 cm DBH) as being the most important 
in separating the two groups. The classification 
matrix from the discriminant analysis indicated 

that 66% of the brood plots could be separated 
into the two age classes on the basis of only this 
variable. 

Bourgeois (1977) presented evidence of a shift 
in habitat prefcrence between nest-site locations 
and sites where broods were found; he reported 
that brood sites were characterized by a greater 
basal area and greater density of trees in the 

intermediate-size class. The shift in habitat struc- 
ture between areas used by young and older 

broods seems to indicate that older broods prefer 
more open (fewer stems per hectare) forest stands 
of older age classes. Thus, the direction of the 

habitat shift in both studies is toward areas that 
are more open and have larger numbers of inter- 
mediate-size trees. 

Conclusions 

The present study has refined our understand- 
ing of several factors in the life history of wood- 
cock broods. There appear to be some age- 
related differcaces in production by female 
weadcock that are manifested in smaller brood 

sizes, later hatching dates, and slower weight 
gain of chicks for broods from SY hens. These dif- 
ferences may simply be the result of the inexper- 
ience of SY hens. However, there is no evidence 

that chicks with SY brood females survived at a 
lower rate, at least through the brood-rearing 

period. 

Our evidence for yearly variation in the sex 
ratio of fledged young woodcock is the first 

report of a skewed sex ratio in this precocial, 
polygamous species. It seems likely that sex-ratio 

adjustment in birds might occur more often in 

species with no male parental care. A single 
parent might find it more difficult to care for 

young during times of environmental stress, and 
the more expensive sex to rear would be selected 
against. The effect of unbalanced sex ratios on 
woodcock populations needs further study. 
The finding that broodmates tend to remain in 

the same covers throughout the summer period 
has important management implications. Future 
research that provided information on the 
amount of land area frequented by locally 
hatched woodcock could set boundaries on the 

size of managed habitat un'ts. Owners of small 
landholdings might be more easily convinced to 

manage their landholding if they knew that birds 

they produced would be faithful to their covers 
throughout the summer and into the fall. 

Finally, this study indicates that habitat 

preference changes during the brood-rearing 

period toward more open, mature stands with 
smaller numbers of trees per hectare. To main- 
tain an optimal pattern of habitat diversity for 
woodcock broods, managers need to take note of 

this age-specific habitat preference. 
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Abstract 

Seven broods of American woodcock (Philohela minor), including 19 chicks and 5 adult 
females, were radio-tagged in east-central Alabama in spring 1976 and 1978. The broad- 

rearing period ranged from 3] to 38 days (average, about 34 days). The association of 

brood members following brood breakup was determined for four broods. After brood 
breakup. chicks were more closely associated with other brood members than with adult 
females. During the first 2 weeks after breakup, close association (<50 m distance 

between brood members) occurred primarily in diurnal coverts. After the third week. 

close association among chicks occurred mostly at night. The final close association among 

members of two broods occurred during the fifth and sixth weeks after brood breakup (64 
and 72 days of age, respectively). This study suggests that most social bonds among mem- 

bers of a woodcock brood are lost by the sixth week following brood breakup. 

The duration of brood-rearing period of the 
American woodcock (Philohela minor) varies 

throughout its traditional breeding range (Shel- 

don 1967; Wenstrom 1973; Caldwell and Lind- 

zey 1974). This variability is probably influenced 
by individual brood behavior as well as the judg- 
ment of investigators who delimit such things. 

Some members of the same brood appear to have 
similar activity patterns for extended periods 
after formal brood integrity is lost. Pettingill 
‘1936) and Mendall and Aldous (1943) believed 
young woodcock brood members remained to- 
gether even after they were fully grown. We 

have observed groups of two or three woodcock 
in fields at night and questioned whether these 
groups represented members of the same brood. 
We undertook this study to document more fully 
the association among woodcock brood members 

following brood breakup in a small sample of 
broods. 

Study Areas 

A 143-ha area within Tuskegee National 

Forest (TNF) in Macon County (located approxi- 
mately 24 km southwest of Auburn, Alabama) 
was the primary study area. This area lies within 
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Alabama's Coastal Plain physiographic region 
with elevations varying between 92 and 131 m 
ASL (above mean sea level). Tw: study site com- 
prised 34 ha of pine stands (x size = 9 ha) be- 

tween 3 and 8 years of age and 109 ha of forested 
land. Numerous areas devoid of seedling pines, 
resulting from burns during the second and third 
year after establishment, characterized young 
pine stands. Forested lands consisted of saw- 
timber size (>35 years of age) southern pines in 
upland sites, and mixed stands of pines and hard- 
woods in bottomlands. One stream, impounded 
in numerous places by beavers, flowed through 
the area. Cuthbert sandy loam was the most 

common upland soil type, and alluvial soils were 
most common in bottomlands (Lounsbury et al. 

1944). The Lee County study area consisted of a 
40-ha flood plain along Town Creek in a residen- 
tial section within the city limits of Auburn, Ala- 
bama. Two hectares of kudzu (Pueraria lobata) 

and 38 ha of mixed pines and hardwoods oc- 
curred in this area. 

Methods 

We intensively searched our study areas for 
woodcock broods using trained pointing dogs 

u 
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during the springs (February-June) of 1976 and 
1978. Broods were captured with hand-held nets 
(Ammann 1974). Adult females were aged by 
wing characteristics (Martin 1964) and chicks by 
bill length measurements (Ammann 1974). All 

birds were banded with U.S. Fish and Wildlife 
Service leg bands. 

Chicks older than 7 days and/or weighing 

more than 40 g and adult females were fitted 
with Model SM-1 transmitters (kX wt = 4.0 g, 
theoretical life = 120 days) manufactured by 

AVM Instrument Co., 810 Dennison Drive, 
Champaign, Illinois 61820, or Model MP-1116- 
LD transmitters (i wt = 4.6 g, theoretical life = 
56-75 days) marketed by Wildlife Materials, 
Inc., R.R. 2, Carbondale, Illinois 62901. A latex 
harness (Godfrey 1970) was used to attach trans- 
mitters to the birds. 

Techniques used for locating instrumented 
birds have been described previously (Horton 
and Causey 1979). All telemetry data were gath- 

ered after brood breakup. We used only “simul- 
taneous” locations of brood members in data 
analysis. The maximum interval during which 
we assumed brood-member locations were simul- 
taneous was 10 minutes. Locations of brood 

members were plotted on maps of the study area 
at weekly intervals. 

The distance separating brood members was 
measured on maps for each location. Acknow!- 
edging the location error discussed by Horton 

and Causey (1979), we designated a separation 
distance of <50 m as a “close” association. We 

judged a separation distance between 50 and 
100 m as “relatively close,” between 100 and 
200 m as “separate,” and >200 m as “widely 
separate.” 

In this study, several criteria were used to 

judge whether brood breakup had occurred. 
These were: (1) use of fields at night, (2) sepa- 
ration of brood members, (3) absence of adult fe- 
male decoy behavior, and (4) brood members 
flushed as individuals rather than simultaneously 
(Caldwell and Lindzey 1974). 

Results 

Seven woodcock broods including 19 chicks 

and 5 adult females were radio-tagged in 1976 

and 1978. No broods were found on either study 
area in 1977. Spatial associations of four broods 
were intensively studied (Table 1). We used data 

Table 1. Composition and monitoring periods for 

woodcock broods studied in 1976 and 1978, 
Lee and Macon counties, Alabama. 

Brood Brood period 

no. composition* (weeks) 

I AHY ten 1 
Chick 1 l 

il AHY Hen 2 
Chick 1! 7 
Chick 2 7 

i SY Hen 1 
Chick I 1 

IV Chick I 5 
Chick 2 5 

*AHY = alter hatching year: SY = second year. 

from three broods (1, I], and III) for association 

between adult females and chicks and from two, 
2-chick broods (I and IV) for chick-chick asso- 

Brood Breakup 

Use of fields at night, separation of brood 
members, and absence of female decoy behavior, 
either singularly or in combination, appeared to 
be a good indicator of brood breakup. Flushing 
brood members individually was not a satisfac- 
tory criterion, since brood members could be 
flushed individually when persistent radio-track- 
ing indicated brood integrity had not been lost. 
The length of the brood-rearing period for the 
seven broods ranged from 31 to 38 days (x = 34 
days). 

Association of Brood Members 
After Breakup 

During the first two weeks after breakup, 54% 
of the distances between chick locations (Table 2) 
were classified as close or relatively close. Most of 
these close or relatively close associations (45 of 
46) occurred in diurnal coverts. Eleven of 12 
chick nocturnal locations were classified as sepa- 
rate or widely separate during this same two- 
week interval. Of the distances separating fe- 
mals and chicks during the first two weeks after 

breakup, 41% (16 of 39) were classified as close 
or relatively close. All (4 of 4) nocturnal female- 
chick locations were widely separated. Adult 
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Table 2. Distances separating woodcock brood members grouped by weekly intervals after brood 
breakup in Lee and Macon counties, Alabama, 1976 and 1978. 

Weeks after _ ss Number of locations 

brood breakup Site < Dm W-100 m 100-200 m > Wm Total 

l D 19 s 33 9 7 

‘ l 0 3 5 9 

2 dD s 10 4 5 27 
N 0 0 0 3 3 

3 D 0 6 6 4 16 

N 0 3 5 3 ll 

4 dD 0 3 4 li 18 
N 5 3 0 0 s 

5 D l l I 10 13 

N s 0 0 l 4 

iD D 0 0 1 8 4 
\ 4 0 0 0 4 

7 dD 0 0 0 6 6 

N 0 0 0 6 6 

“D = diurnal location; N « nacturnal location. 

female-chick separation distance averaged ") ° 

169 + 38m (+ SE) for the first week and See 
179 + 41 m for the second week. Chick-chick . & 0/8 
association distances averaged 103 + 18 mand = ¢- — 
100 + 20 m, respectively, for the same times. - _, v 
Activity patterns of chicks varied during these = -“ 
two weeks and appeared to us to be the final = ,_ * . 
signs of a weakening affinity among brood mem- Ps : . 
bers. -N Ce °. . . 

A gradual shift to new diurnal coverts oc. = | ; aa 
curred during the third week, resulting in anin- 5 ° . . 
crease in the average separation distance be- See eC 
tween chicks (x = 159 + 32 m). At this time we yo. 
also observed an upward trend when we re-  } & bk Sh he Oa 
gressed separation distances against days after 
breakup (Fig. 1). During the third week after 
breaky . three of nine relatively close locations 

occurfe.. at night. This began a reversal of the 

trend noted during the first two weeks when 

most close or relatively close locations occurred 
in the daytime 

During weeks four through six, 20 of 25 close 
or relatively close locations were recorded in 

forest openings at night. During this same 

period, 24 of 25 separate or widely separate loca- 
tions were diurnal locations. The distance be- 

tween chicks from broods II and IV averaged 

204 @ 27m during the fourth week, 314 « 
56 m during the fifth week, and 385 « 61 m 

during the sixth week. 

The last close association for brood II occurred 

during the sixth week and during the fifth week 

Bays Otter Breatep 

‘ig. 1. Relation of the distance between chick | rood 
members to days after brood breakup, Macon and 
Lee counties, Alabama, 1976 and 1978 

for brood IV. Chick age in brood II and brood 
IV, when the last close contact was recorded, 
was approximately 72 days and 64 days, respec- 
tively. All of the 12 locations recorded during the 
seventh week following brood breakup were 
classified as widely separate. 

We regressed the separation distances bet ween 

chicks against days following brood breakup 
(Fig. !) and computed a significant linear regres- 

sion for these data (P < 0.05, rt = O.77M, 

df = 34). We also tested for differences between 

mean distance. separating adult females and 
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chicks and mean distances between chicks, using 

an analysis of variance. No significant difference 
i’ < 0.05) was calculated because of the short 

monitoring period for females and the large var- 

iability in separation distasces recorded during 
the first two weeks. 

Discussion 

Based on our criteria, we determined that the 
broods we studied experienced breakup between 
31 and 38 davs after hatching. tor about two 
weeks after breakup. chicks apparently undergo 

a period of adjustment leading ultimately to 

independent existence. During this time, chick 
broad members were usually located close to 

cach other during the daytime and Jar apart at 
night. The first use of forest openings at night 

varied among chicks (C. |. Horton and M. K 
Causey. unpublished data) and led to separate or 
witely separate nocturnal locations. Daytime 
awociation among chick brood members de- 

cteased as chicks grew older. and bw the fourth 

week following breakup, clow association was 

recorded primarily at night. The final close asso- 
ciation between chicks occurred during the sixth 

week after breakup. These data support Pettin- 
gill (1936) and Mendall and Aldous (1943), who 

believed some brood continuity was present even 
alter brood breakup. 

G. A. Ammann (personal communication) and 
Whitcomb (1974) reported that pointing dogs lo- 

cated only about 33% of the woodcock broods in 

an area even when that area was searched inten- 

sively. We have noted a discrepancy between the 
number of broods found near certain fields and 

the number of woodcock observed flving to those 

fields at night aiter brood breakup (GC. 1. Horton 

and M. K. Causey, unpublished data). If, as our 
limited data indicate, brood members rest in 

clowe proximity to each other at night, then re- 
searchers might be able to more accurately deter- 

mine the breeding densities around selected fields 

by flushing woodoock “groups.” Further study is 

necessary to determine the number of remnant 
broods that behave as the broods we investi- 
gated, the maximum area occupied by a “group” 

at night, and the correlation between “flushed 

groups” and the number of broods located by 
pointing dogs. Although many unanswered ques- 

tioms remain concerning the post-brood-rearing 

behavior of woodcock chicks, it seems clear that 

some association among brood members remains 

for as long as six weeks following brood breakup. 
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Abstract 

land-use tremcds mm New England and the Mariteme Pron mice include comtinucd bow of 

Land to urban ows. decreas im the amount of farmland reverting to forests. greath inten 

vthed forest management of large areas. and expanding public interest and influence m 

terest land managereent bragmentateen of wall «codbots has mectreawd the mambed of 

urban-onented cw nets whe «ek a variety of aneenites from ther land. timber manage 

ment often is net a primar ceetive Larger ownership. are commercially onented. and 
man mew inteminve whicultural practices are beang applied to meet ring demands for 

wood All of these changes will wenificanth affect the habitat of wondouwk Philohele 

ra eece? ) 

Wildlife managers are challenged to use existing educational and financial awitance 

programs and to participate through regulatery process at the policy bevel to influence 

land uses to bemetit wihdlite 

The New England- Maritime Provinces region 

(eatending from Connecticut to Cape Breton, 
Nova Scotia) contains thousands of hectares of 

abandoned farms and a variety of forest types 
interspersed with bogs, lakes. and rivers that 

create habitat attractive to woodcock (Philohela 

miner). Data from Wendt et al. (1979) and J 

Tautin (personal communication) indicate aver- 
age or above breeding densities as well as high 
interest and hunter success for the region in com- 

parison with other parts of the Atlantic Flyway 

However, rapid changes in land use are influenc- 

ing the amount, quality, and distribution of 
woodoock habitat. A significant downward 
trend in the breeding population index within 

the Atlantic Flyway has been recorded (J 

Tautin. personal communication) 
The objectives of this paper are to (1) identify 

trends in land use, with emphasis upon forestry, 
that may have significant impacts on woodcock 

habitat: and (2) suggest approaches for wildlife 
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managets to capitalize upon land management 
activities and trends for the benefit of woodeock. 

There are some clear limitations to these objec- 
tives. Although data about land uses are abun- 

dant. projections of future land-use trends vary. 

Mam of the driving forces influencing land use 

are changing. 2ad forecasts by resource econo- 

mists and land managers are updated frequently 

Further. the effect of ewen the current changes to 

land cannot be quantified in terms of woodcock 

habitat. There is no regionwide inventory of 

woodcock habitat. Finally. information on 

which to develop guidelines for certain manage- 
ment practices is not available. However, in 
planning for the future and for identifying poten- 
‘ial action programs, the number of hectares in- 

volved are not as important as the trends in land 

use. Furthermore, we suggest that the first prior 
ity should be with the decision procewes that 
guide land-use policies rather than with the de 

tails of practices 

* 
» 
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Land Use 

The region of concern includes about 300,000 

km? dominated by forests. Except for Prince 

Edward Island, from 65 to 90% of each state or 

province is forested. Spruce—fir (Picea spp.-Abies 

balsamea) and northern hardwood forests are 

extensive in the northern states and Canada. A 

variety of hardwoods and more scattered stands 

of conifers are typical in the southern areas. 

Although farming is important in scattered 
small areas, the increasing dominance of the for- 

est and the decreasing extent of land committed 

to farming highlight the potential importance of 

forest management to woodcock. 

Forestry 

The forest resource is essential to the eco- 

nomics of New Brunswick, Nova Scotia, and the 

northern New England states. Spruce and fir are 

used for lumber and as the principal fiber for the 
dominant pulp and paper industry. Hardwoods 

are used for lumber, pulpwood, and a variety of 
other wood products. Until the turn of the cen- 

tury, hardwoods were used for heating and cook- 

ing, and tixe resurgence of this source of energy in 

the more rural areas is substantial. Large areas of 

forest are harvested annually. For example, we 

estimate that more than 80,000 ha are cut each 

vear in Nova Scotia and New Brunswick. 

Characteristics of Forest Owners 

Several trends in the use of the region’s forests 

have important implications with respect to 

woodcock habitat. of land 
owners, their reasons for owning woodlands, and 

their views about land and forest management 

practices are critical to the perpetuation and en- 
hancement of wildlife habitat. 

Public ownership is common in Canada, 

where about 47% of the forest land in New 

Brunswick and 27° in Nova Scotia are con- 

trolied by provincial governments. The govern- 

ment of Nova Scotia has a program to purchase 

cutover areas, with the overall objective of con- 
trolling up to a maximum of one-third of the for- 

est land in the province (Cranmer 1974a). Only 

about 6% of the forest land in New England is 

Characteristics 

publicly owned. 
About one-third (4.000.000 ha) of New 

England's forests are owned by the forest indus- 
try. Much of this ownership is in large parcels 
that are concentrated in northern Maine. More 

than 20° of the forested land in New Brunswick 

is in large holdings (>200 ha). In New Bruns- 

wick and Nova Scotia, each of several companies 
own more than 40,000 ha. 

Two-thirds or more of the woodlands in New 

England are in nonindustrial, private (usually in- 
dividual) ownerships (DeCoster 1981). Almost 
three-quarters of the forests in Nova Scotia, 44% 

in New Brunswick, and virtually all of the wood- 
lands in Prince Edward Island are privately 
owned. Information relating to the size of wood- 
lots and to owner occupations and attitudes 
varies within the region. However, the trends 

already well established in the more populated 
southern areas are similar to those beginning to 

emerge in the northern areas. 

Private ownership of forest land has been frag- 

menting rapidly. The number of owners in New 
England has nearly doubled from 260,000 in 
1952 to 500,000 today (DeCoster 1981). Cran- 

mer (1974)) also has commented on fragmenta- 

tion of ownership in New Brunswick. Many of 
the private forest ownerships are small. In Prince 
Edward Island, almost half the woodlots are less 

than 12 ha (Cranmer 1974c). In New England, 
excluding Maine, the average ownership is less 
than 20 ha (Gould and Reidel 1979). Somewhat 

larger parcels are more common in Maine, New 

Brunswick, and Nova Scotia. Cranmer (1974a) 
noted that in Nova Scotia, almost half of the total 

forest products came from properties smaller 
than 400 he. In New Brunswick, small woodlot 
owners (land holdings averaging less than 40 ha) 
own a third of the total forest area. 

In relation to habitat management programs, 
it is noteworthy that only 5% of the individual 
owners in New England are farmers (Fig. 1), and 

they hold only about 13°% of the forestland. Pro- 

fessionals, executives, retirees, skilled workers, 
and others dominate the forest ownership. A sim- 

ilar pattern exists throughout the entire north- 

eastern United States (Kingsley 1979). Cranmer 
(1974a) reported that in Nova Scotia, many of 
the smaller owners do not depend on their forests 
for their primary source of livelihood. 

Reasons for owning forest land and attitudes 

about timber harvesting are also noteworthy 

(Figs. 2. 3). Studies in New Engiand show that a 
sizeable proportion of the owners do not plan to 
cut wood in the immediate future. According to 

Gould and Reidel (1979), as few as 12% of the 
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Fig. 1. Classification of forest land owners and the area 

owned in New England (from DeCoster 1980) 

woodlot owners in southern New England have 

ever harvested trees from their lands. 
Many of the private, nonindustrial forest land- 

owners throughout much of the southern part of 

the region apparently are more interested in 

amenity value, investment in !aad, and probably 

in life-stvles associated with rural living than in 

active forest management activities. A number of 

owners in New Brunswick place emphasis on 
their woodlot as something to enjoy for various 

reasons and chose not to harvest wood for com- 

mercial purposes (Tweedale 1974). However, 
harvesting wood is more common on the private, 

nonindustrial forest ownerships in the northern 

parts of the region. In 1974 about $3 million in 
forest products were sold from Maine farms 

(Dearborn 1978). For Nova Scotia, Cranmer 
(1974a) reported that 42% of the forest products 

harvested in 1970 came from properties of less 

than 400 ha 

sj 
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Fig. 2. Percent of land owned by reason for owning 

(from DeCoster 1980). 

Next 

10 Years 

39% 

Indefinite 

34% 

Never 

and 

No Answer 

27% 

Fig. 3. Owners future harvest intentions by area of for. 

est land for New England, excluding Maine (from 

Det(loster 1980) 

Cutting firewood is a recent major change in 

the use of small woodlots. New Englanders cut 

about 3 million cords of firewood for home heat- 

ing for the winter of 1978-79 (Bailey and 

Wheeling 1980), a 0% increase over the previous 
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winter. About 8 million cords are cut annually in 

New England for lumber, paper, and other prod- 
ucts (L. A. DeCoster, personal communication). 

The recent firewood removals clearly represent a 
major harvesting activity that can have wide- 

spread impacts on forestry as +.<ll as on wood- 
cock habitat. We can anticipzie increased fores- 
try extension education programs designed to 
heip private woodlot owners practice better 
forestry through their arnual woodcutting 
operations. Sepik et al. (1977) and Sepik and 
Dwyer (this volume) have demonstrated the im- 
portance of planned cuttings for firewood to 
woodcock habitat. As suggested by Reeves 

(1977), the prospect for continved high demand 
for hardwoods for home fuel offers an excellent 

opportunity for woodcock habitat management. 

Silvicultural Systems and Practices 

Although most of the forests in the region have 

been cut, they have not been managed inten- 
sively. Historically, high-quality trees have been 

removed and inferior trees left. Much of the exist- 

ing forest is the by-product of opportunistic har- 
vesting that has taken place for more than two 
centuries. But current and projected demands for 
wood are causing a major revolution in forest 

management. More intensive, planned forest 

management is in progress in the region today 
than has ever occurred in the past. Intensive 
management is developing rapidly, especially on 

the large industrial ownerships and on govern- 

ment-owned areas. This trend offers challenging 
opportunities for wildlife managers. 

Managed forests are treated by one of two 

major silvicultural systems: even-aged manage- 
ment or uneven-aged management. Both ap- 

proaches are commonly used throughout the 
region, but in recent vears a trend towards even- 

aged management has become widespread on 

some industrial forests in the spruce-fir-north- 

ern-hardwood types 

Even-aged management requires removal of 

most of the trees, usually by clearcutting, some- 
times followed by site preparation and planting. 
The removal of the overstory and disturbance to 
the site stimus.e early seral stages dominated by 

raspberry (Rubus spp.), pin cherry (Prunus 

pensylvanica), aspen (Populus spp.), and other 
pioneer species. Various degrees of clearcutting 

are practiced. Commercial clearcutting removes 
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only those trees that are economically profitable 

to harvest. The remaining trees are not cut, and 

the area is left to regenerate naturally. Complete 
clearcuts are becoming more common, especially 
in the northern part of the region. Regeneration 
may be natural, or the site may be prepared by 
burning or by mechanical means. Usually a plan- 

tation of conifers is established. The new stand 
may represent a conversion of the site from hard- 
woods to conifers. 

Uneven-aged management usually involves 
removal of individual trees or small groups of 
mature trees. Cuts are made over intervals from 

10 to 25 years, depending upon site quality and 
other biological and economic factors. This type 
of management maintains a continuous forest 

cover, and the changes in environmental condi.- 
tions are less drastic. 

Each system has advantages and disadvantages 
from the viewpoint of forest managers. Depend- 
ing upon the kind of stand and a host of other 
ecological and economic constraints, some stands 
are better managed by clearcutting, whereas 
others respond better to cutting regimes that pro- 
mote uneven-aged stands. Clearcutting may be 

dictated by large-scale insect damage or by the 
maturity of entire stands of trees. 

Herbicides may be applied to eliminate vege- 
tation before planting, or to release conifers from 

competition by overtopping hardwoods. New 
compounds, improved methods of application, 
and research about the effects on the plant com- 
munity are resulting in more selective use of 

chemicals. Even in hardwoods. all species may 
not be affected by some herbicides, thus opening 

new approaches for plant-spccies management 
that may have use in both forest and wildlife 

management. However, public concern about 

using chemicals in the forest may limit their use. 

In Maine in 1978, about 3,200 ha were treated 
with herbicides (M. L. McCormack. Jr.. per- 

sonal communication). McCormack believes that 

in the near future as many as 20,000 ha may be 

treated annually in that State, mostly in small 
units and chiefly for conifer plantations rather 
than for stand conversion. Chemicals are 
routinely used in Christmas-tree management. 

Intermediate timber harvests or thinning are 

done to reduce competition by removing un- 
wanted species and to improve spacing between 

designated crop trees. Thinning is labor intensive 
and hence expensive. Some, but not all, thinnings 

may vield income from trees removed. 

‘ 



The feasibility of using chipped material that 
is removed during thinnings for pulp or energy is 
increasing, not only because of changing eco- 
nomics but also because new machinery has been 

developed. Many small machines for thinning 

and for woodlot operations have appeared 
(Young 1980). 

tL. the use of noncommercial species for fuel 
evolves as a common practice, it will result in 
cutting on short rotations for biomass. It seems 

likely that some of the fast-growing pioneer trees 
such as aspen, birch (Betula spp.). alder (Alnus 
spp.) and cherry (Prunus spp.) will be exploited 
through chipping. 

A related development is current research with 
plantations of rapid growing species that are har- 
vested in a few years for fuel or pulp and for 
other products manufactured from chips. Some 
of the hybrid poplars (Populus spp.). for exam- 

ple. grow several feet each season and produce 
large tonnages of chips in a few vears. 

Agriculture 

During the late 1800's, all of the region had 

much more land in agriculture than today. The 

decline in the number and area of farms during 

the past 30-40 vears has been dramatic (Tables 1, 

2). The chief reasons for land being removed 
from crop production are abandonment of farm- 
ing and conversion of land to other uses. Accord. 

ing to Lapping (1979) and Parks (1977), the rate 
at which farmland is removed from agricultural 

production in New England and New Brunswick 
has been rapid during the recent decades (Fig. 4). 

Farmland that has reverted to forest has been 
the best woodcock habitat in the region. How- 

ever, much of the earlier reverting land has 

grown to pole-stage woodlands that are generally 

of little value to woodcock. Although some land 

continues to revert, the amouat ic jadged insuf- 

ficient to counteract lands going out ©: woodcock 
production (Owen 1977). 

In addition to loss of habitat because of ad- 
vancing stages of succession, a surprisingly large 

area is lost annually to other uses. The interim 

report of the National Agricultural Lands Study 

(Hidlebaugh 1980) indicates that from 1967 to 

1977 in New England, about 90,650 ha per vear 
were converted to urban uses, rural transporta- 
tion, or impoundments. 

Clearly the farm fields that predominated a 

century ago in many parts of the region have 

Table 1. Decline in number of farms in the 
Maritime Provinces, 1966-71. 

Number of 

census farms 
Percent 

1966S s«1971 decline 

New Brunswick 8.706 5.4855 35 

Nova Scotia 9621 6.008 K 

Prince Edward Island 6.357 4543 28 

“Census farm is defined as an agricultural holding of 

0.4 ha or more, with annual sales of at least $50. 

*Dobell (1977) cited unpublished data indicating that 

in 1976 only 4.551 cc asus farms remained — a low of 

almost 3 in 10 vears 

Table 2. Declise in agricultural land in 
New England, 1949-74. 

Percent change Area in 

1949-74 1964-74 1969-74 1974 tha) 

Land in farms 0.9 M5 12.3 1,984,023 

Total cropland = =-50..0 22.1 8.2 852.310 

Harvested 

cropland 48.9 24.1 17 = =6580,119 

Adapted from Morris (1977) 
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been replaced by the small, fragmented woodlots 
owned chiefly by nonfarmers. Except for the 

recent increase in firewood cutting, where rural 

owners are harvesting their own fuelwood, these 
woodlots for the most part have remained uncut 

and vnimanaged. They are growing out of the 

stages that are attractive to woodcock 

Trends and Impacts 

Several regional trends will have significant 

impact on woodcock habitat 

(1) The loss of land to urban uses and develop- 

ments will continue. Th. driving forces for con- 

version of farmland and forests are rooted in our 

population patterns and ways of life. Whenever 
an urban area expands, land almost invariably 
becomes more valuable for development than for 

forestry or ugriculture. The current major con- 

cern for preserving land seems focused on prime 

agricultural lands. In some New England States. 

there will be little if any prime farmland remain- 

ing by the year 2000 if conversion to nonagricul- 
tural uses continues at the present rate (Hidle- 

baugh 1980). The seriousness of the loss of land 

other than prime farmlands is not yet receiving 

widespread attention. 

(2) The amount of land reverting from farm- 

ing to forest u ill decrease markedly. This trend is 

apparent from the data on farmland that has re- 
verted during recent decades. Comparatively 
small acreages of farms remain. The energy crisis 

is stimulating programs to grow more food 

locally. This factor, coupled with the concern for 
saving prime agricultural land, will hold current 
farms as agricultural units 

Abandoned farms have provided some of the 

best woodcock habitat in the region. A reduction 

of old farm habitats is occurring and will con- 

tinue. Ls view of this trend, intensively managed 
forests will become increasingly important as 

future woodcock habitat, as pointed out by 
Nicholson et al. (1977). 

(3) Much more intensive forest management 

over larger areas will occur. Projections about 

the demand fcr products show that shortages will 

Forest 

management is changing razidly to meet pro- 

demands. Site preparation, planting 

genetically superior trees, fertilization, use of 

occur soon at current rates of growth 

jected 

herbicides, more cc nplete use of the entire tree, 
and management concentration on better soils 

are becoming common practices, especial/y on 
the areas of larger ownership in the spruce-fir 

and northern-hardwood types. One result, 
important te woodcock habitat and the oppor- 

tunity for ksbitat enhancement, is a shift toward 
shorter cutting cycles and rotations (a cutting 

cycle is the interval between partial cuts in a 
stand; roiation refers to the period from regener- 

ation to the harvest of mature trees). Throughout 

much of the region, rotations of 60-80 years were 

formerly common, but the intensive forest man- 
agement now emergir:z will permit rotations as 

short as 40 years and cutting cycles of 10 to 15 

years in some stands. Frequent cutting in the 

same stands will create more potential woodcock 
habitat than long harvesting cycles 

Shorter cutting intervals require road systems 

that are more extensive and permanent. New, 
all-season gravel roads on some industrial forests 

have more than doubled during the past seven 
years. Forest roads and roadsides are often used 

by woodcock (Morgenweck 1974; Hale and 
Gregg 1976; Nicholson et al. 1977). The flexibil- 

ity of operations is increased by better access, and 
this new flexibility in management options offers 
new opportunities to mesh silvicultural activities 
with wildlife habitat needs. 

Products are removed from the forest and 
stacked, chipped, or loaded at openings created 

along the road. Such places may serve as singing 

grounds. Later the sites revert to saplings, pro- 

viding potential diurnal covers. Reuse of these 

areas every 10-20 years, setting back the vegeta- 

tive succession, is beneficial to woodcock 

A negative impact in current trends is the in- 
terest in converting hardwood sites to conifers. 

For woodcock habitat, conifer stands are inferior 
to hardwoods or mixed stands. Conversion of 

large blocks to conifers with the consequent 
reduction of the structural and spatial diversity 

of forests will necessarily result in poorer wood. 
cock habitats 

The impact of intensive commercial forestry 
practices on woodcock has not been studied ex- 

tensively in this region, although Hale and Gregg 

(1976) documented high use following clear- 

cutting in the aspen-type forests of Wisconsin 
The major work that has been reported included 

combined stuties in New Brunswick and Maine 

(Nicholson et al. 1977). Low densities of birds 
were found where varving degrees of selective 

cutting and clearcutting had occurred 1-15 vears 
earlier. The investigators suggested that diurnal 
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habitats resulting from regenerating cutover 

stands were of poorer quality than those on farm- 
lat.ds and that earthworms were not as abundant 
or as well distributed on the cutover areas 

Reynolds et al. (1977) have shown that earth- 
worm distribution and abundance are related to 
previous land use as well as to soil temperature 

and moisture. Earthworms may occur only at 
scattered locations within large blocks of spruce- 
fir and northern hardwoods. Cutting may 
produce covers structurally acceptable to the 
birds, but without attractive feeding areas. Since 

intensive forestry often involves site preparation 

(which may include mechanical mixing of the 

organic laver, burning, and fertilization), it 
would be worthwhile to experiment with estab- 

lishing earthworms where they are lacking. It 

seems entirely possible that stocking the best soil 
sites with earthworms could enhance the attrac- 
tiveness of surrounding new covers for wood- 

cock. Additional research is needed about this 
and other aspects of the food base for woodcock 
in the various types of forest. 

The impact of any forest practice on woodcock 
habitat will vary among forest types and areas. 
Different responses will also result from varying 
the spatial and temporal distribution of har- 
vested stands and the kind of site preparation or 
cultural treatments applied later. 

We asked 10 experienced biologists throughout 
the region to rate the probable impact of a vari- 
ety of forest practices with a plus—minus scoring 
system. The forest practices generally rated 
favorable to woodcock included clearcuts, natu- 

ral regeneration, use of large machinery. in- 

creased forest roads, and site preparation. Land. 

use trends considered favorable were shorter 

rotation ages, increased use of firewood, and 

more use of forest biomass for industrial fuel. 

Practices generally considered negative were 
planting (usually to conifers) and conifer release 
with herbicides. Thinning and selective cutting 

were seldom cousidered beneficial. since the 

changes in the forest stand created by these prac- 
tices often were not sufficient to alter stand struc- 
ture significantly for woodcock. 

Regardless of the impact of any single treat- 
ment at a particular site or forest typ: , two con- 
clusions seem justified. First, most operations ia 

large areas of unbroken forests will provide new 

habitats for at leat low densities of woodcock. 

Second, the impact of forestry upon woodcock 
can be improved by working closely with forest. 

SI 

ers. Modifications of forest practices need to be 
applied on a local basis. 

(4) Public interest and infiuence in land man- 

agement will intensify. Public interest in the use 

of land has become a significant factor in land 

management. A predominately urban popula- 
tion has become concerned about natural re- 
sources. As pointed out by Vaux (1980), “LDurtag 

the last 15 vears the reality of these urban values 

as a dominant part of the forestry situation has 
been demonstrated in many pieces of forestry- 

related legislation: national and state environ- 

mental quality laws, expanded public programs 

for for-4 recreation and wilderness... . .~ 

Further insight about public views is shown by 
studies indicating that 76° of the respondents to 
a questionnaire agreed that cutting forests should 

be done in ways that help wildlife, even if this re- 

sults in higher prices for wood products (Kellert 
1979). Vaux (1980) believes that continued 

growth of the urban influence appears inevita- 

ble. 

The ability to recognize the increasing public 

interest, understand what is being sought and 
why. and learn how to capitalize on the positive 

aspects and to cope with those that may be 
counterproductive is as vital to wildlife biologists 
as to other land managers. 

Recommendations 

The trends evident today pose many oppor- 
tunities and challenges to those interested in 

wildlife habitat. The constant loss of land to 

urbanization, increasing numbers of urban- 
oriented woodland owners, escalating demands 

for wood, the application of intensive silvicul- 
tural techniques new to our region, greater pub- 

lic influence through regulation of land uses — al! 

are developments and trends that will affect 
woodcock habitat. 

Our second objective was to recommend ways 

for people interested in wildlife (woodcock) to 
help reduce negative impacts and capitalize on 

the trends that can have a positive influence on 
habitat. We have concentrated on approaches to 
deliver habitat management information to 

landowners and land managers, rather than on 

the methods for manipulating habitats. Such 

methods are best approached locally rather than 

regionally. Furthermore, although more re- 

search is always needed, any competent biologist 
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can detail more management techniques than 

have ever been applied. We submit that the 

current top priority is to become more broadly 

involved in all land-use activities and ta make a 
planned effort to reach landowners. Most States 

and Provinces have indicated a need for habitat 

management (Owen 1977). but because of the 
cost. large-scale management is not anticipated. 

We believe that potentially effective measures 

are available that will be lew costly and more 

feasible than habitat manipulation programs ad- 
ministered by large agencies. 
We discuss four recommendations to enhance 

woodcock habitat: 

(1) Delivery of habitat management injorma- 
tion and philosophy to landowners. It is con- 
venient to think about this process by separating 
industrial and large public forests from the small 
holdings of individual woodlot owners. The 
larger holdings offer unique advantages. Gov- 

ernment and industry have a long-term interest 

in maintaining productive forests. Either as a 
result of assigned responsibility, regulators 

controls, or corporate policy, the demand for 
wildlife and the habitat needs of the various 

species influence land-management decisions on 
these larger holdings. There are relatively few 
people to deal with in these areas, yet they are 
responsible for vast acreages. To meet their 
needs, they have developed strategic and opera- 
tional management plans. Soils information, 
stand inventories, and data on forest dynamics 
provide the basis for operational cutting sched- 
ules and postcutting treatments. The existence 

and periodic review of these plans give the biolo- 
gist information to work with and a mechanism 

for participation. Clearcutting is a commonly 
used method for harvesting, and we believe that 

clearcutting has much potential for managing 

forests for wildlife. 

The large size of ownerships allows for flexi- 
bility in such matters as the spatial distribution of 

cuts. Although all the techniques associated with 

increased use and intensive forest management 

may not be wholly compatible with woodcock 

habitat management, there are substantial ad- 
vantages associated with shorter cut cvcles, rota- 

tions, and established road systems. Biologists 

should work with governmental and industrial 

foresters to take full advantage of these possibil- 
it?s, 

Small ownerships also offer excellent manage- 

ment possibilities, but because of the numbers, 
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characteristics, and diversity of owners, they 

may be more difficult to reach. The numbers are 

so large that the few wildlife biologists availab!< 

cannot accomplish much by direct contact. By 
working with provincial or state foresters, exten- 
sion personnel, and others trained in delivering 
technology to the public, we can benetii from the 
multiplier effect. 

Small! landowners may have a mixed set of ob- 

jectives. Timber management may be a rela- 
tively minor goal. More expertise in extension 

education may be needed to enable us to work 
with these owners effectively. Our best role may 

thus be to provide carefully designed workshops, 
demonstrations, and written guides for delivery 

to holders of small properties by resource per- 
sonnel already skilled in working with these 
people. Our inquiries among service or extension 

personnel suggest that many of them would wel- 
come workshops, demonstrations. and guides 
relating to wildlife in the areas they serve. 

Furthermore, a surprising varicty of land- 
owner forestry assistance programs are active, 

and wildlife management is a stated considera- 
tion in most of them. Some programs have cash 

incentives for carrying out approved practices. 
The Federal-Provincial Development Project in 
New Brunswick assists owners with forest stand 
improvements, woodlot roads, and other prac- 
tices. In addition, the program offers field 

demonstrations and courses available on request 
by landowners. Similar programs in the United 
States are administered cooperatively by the 
states and the U.S. Department of Agriculture. 

A recent incentive program is the New Eng- 
land Pilot Fuelwood Project. administered 
jointly by the Agricultural Stabilization and 

Conservation Service, U.S. Forest Service, and 
the appropriate State agencies. The purpose of 

the program is to promote improved forest man- 
agement on better sites; wildlife is mentioned as 

one consideration. 

Forest technicians have been hired by some 
States to work with woodlot owners on the fuel- 
wood project. In some other places, the State 
service or county forester performs that impor- 
tant function, and consulting foresters in a few 

areas provide the practical expertise needed. 
With the anticipated increases in fuelwood de- 

mand, a program that offers landowners cash for 
practicing good management while cuttin. fire 
wood can offer another very promisi:g way to 

transmit wildlife information. 



Other programs relate to special groups. The 

forest industry has technical assistance programs 
for small landowners. Industry foresters prepare 

management plans for small woodlots and sug- 

gest: guidelines for harvesting products. Such 

arrangements are particularly attractive to busy. 
urban-oriented rural residents or to nonresident 

owners. Plans are tailored to the goals of indi- 

vidual owners and. with this group. the goals 

often encompass an interest in wildlife. 

The Tree Farm Program. administered by the 

American Forest Institute, includes 3.411 nonin- 

dustrial forest ownerships in New England totai- 

ing 2.3 million hectares. In the States from Dela- 
ware to Michigan. there are more than 13.500 

tree farms (Anon. 1979). This tree farm program 

encourages management for wood. wildlife. 

watershed protection, and recreation. 
All such program: offer ready-made avenues 

for the delivery of habitat information. We know 
that there is some contact by wildlife biologists 

with these groups. However, nowhere do we 

have anv indication that there is frequent con- 
tact, sufficient workshops. or enough pamphlets 

and guides designed to meet the needs through- 

ont the rogion that are readily available and easy 

to use 

(2) Active participanon in decisiontevel pro- 

cesses. Opportunities occur daily to influence leg- 

islative proces, become involved with other 

agen planning processes, help set agency prior- 

ities, anct make recommendations or provide 
data to lace «use planning groups. Biologists can 

provide iactual evidence on the significance of 

various decisions to wildlife. Data that demon- 

strate the effect of policy on wildlife goals are the 

most useful in this context, 

An example of a recent opportunity is Public 
Law 95.306. the Renewable Resources Extension 
Act of 1978. The act provides for greatly ex- 

panded and comprehensive educational pro- 
grams on renewable resources in the United 

States, to be conducted through the U.S. Depart- 
ment of Agriculture cooperative extension service 

with state agency participation: wildlife is in- 

cluded. Although the program has now been au- 
thorized, the $15 million needed to carry it out 

have not vet cen appropriated. Funding would 
add badly needed extension specialists in forestry 

and wildlife — the very kind of people needed to 
help transmit habitat management guidelines to 

and interpret them for small landowners 

Although several agencies and organizations 
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worked to develop and pass the legislation. the 

total thrust by resource people was inadequate to 

stimulate funding. At one planning meeting to 
which each State fish and wildlife agency was 

asked to send a representative. less than 25% did 
s). 

(3) Active participation in the land regulatory 

process. Greater public involvement in land uses. 
noted earlier. will result in additional regula- 

tions. The regulatory process can be helpful in 
enhancing habitat. but it can also be counterpro- 

ductive. Thus, constant involvement is needed in 

all aspects of the process from public hearings for 

reviewing standards, to routine processes for per- 
mit review. 

Some of the existing and evolving regulatory 

programs offer very powerful mechanisms for in- 
troducing sensible guidelines to land-manage- 

ment activities. One example is the Crown Lands 
and Forest Act in New Brunswick that was re- 
cently passed by the provincial legislature. The 
act requires that an industry seeking a license to 
harvest wood on Crown lands submit a series of 
management and «perational plans for approval. 

The forestry management plan specifically in- 
cludes wildlife. How well standards for wildlife 
are defined and applied in major blocks of forests 

in New Brunswick will depend. in part. on how 
well biologists can articulate the details at policy 

levels. Similar opportunities by one route or 
another exist in every State and Province. 

Habitat is often lost in small pieces. The cumu- 

lative effect may be serious, although each indi- 
vidual case may seem insignificant. For example. 

Mann (1979), reviewed permits issued in re- 
sponse to applications for developments under 

the Maine site selection law. Each application 

had been reviewed by State agencies, including 

fisheries and wildlife, before it was acted upon 
by the review board. The information recorded 

for wildlife was used to estimate low of habitat. 

As used in her report. wildlife referred primarily 

to white-tailed deer (Odocoileus virginianus). 
ruffed grouse (Bonasa umbellus), and woodcock. 

The study revealed that during a 9-vear 
period, new developments in a single counts 

totaled 44.5 km*®. About half, or 22 km®, was 
estimated to be wildlife habitat. Results from the 
study became front-page news locally and were 

highlighted on prime-time TV and in radio 

newscasts. The environmental regulatory agency 
concerned has been discussing plans for an ex- 

panded follow-up study. Seminars about wildlife 
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habitat were scheduled for the board members, 
wh» make final decisions on project approval. 

The study highlighted the cumulative effect of 

hebitat loss. Without question, one small-scale 

study to quantify a situation we see daily has had 
a major influence in developing local awareness 

of a problem. Wildlife habitat should benefit as a 

result. 

(4) Application of management research to 

forest lands. Experimental habitat management 

has already been undertaken at the Moosehorn 
National Wildlife Refuge and elsewhere 

(Mendall and Aldous 1943; Liscinsky 1972: 
Clark 1973; Hale and Gregg 1976; Sepik et al. 

1977; Sepik and Dwyer, this volume). That kind 
of research should continue in several places to 

focus on local opportunities as well as to develop 

techniques that keep abreast of changing forestry 

practices. 

A major need is to test the results from experi- 

mental management on small woodlots and large 

blocks of land. Applications have not been wide- 

spread, but are crucial to prescribing recommen- 

dations that are practical. Experimental areas 

can be valuable as demonstration sites. Managed 

units in major cover types scattered throughout 

the region should be especially helpful in reach- 
ing the logger or woodlot owner. 

As a group, wildlife biologists have long 

espoused habitat management. Progress in ap- 

plying management techniques to private lands 

has been very slow for a variety of reasons. In- 
tensive forest management, landowner assistance 

programs, and changing public attitudes com- 

bine to create better opportunities now than pre- 
viously existed for carrving out wildlife (wood- 

cock) habitat management 
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Abstract 

An apparent decline in the breeding population of woodcock (Philohela minor) in Penn 
vivania since 1967 triggered interest in identifying powible factors influencing woodcock 

numbers in the state. Changing patterns of land use were saypected of playing a major 

role; consequently . trends in the major categories of land in PennsyIvania were examined 

to determine possible relations bet ween land use and woodcock populations and their hab 

itats. Land-use data published by the U.S. Soil Conservation Service and the U.S. Forest 

Service during the mid-1960's and the late 1970's were compared. Pastureland, sapling 

seedling stands. and nonstecked forest areas (potentially useful to woodouck) have 

declined during this period, whereas sawtimber, as well as urban and boilt-up areas 

(generally not suitable to woodouck) have increased since the mid- 1960's. These trends in 

land use are comsistent with the downward trend in Penns vania’s breeding woodcuck 

population during the same time. Based on expected saciaeconomic developments, projec 

tions of land use in Penns) ania during the next 10 to 20 vears were made. Cropland and 

pastureland acreages are not expected to change much, whereas forestlands are predicted 

to decline. and urban and built xp lands are expected to increase. In general. the future of 

woadcock habitat in the state dares not appear to be promising. Shortcomings in the exist 

ing data base are recognized. and a framework for future research to fill these voids is pro 

posed The framework consists of an integrated aud ordered set of procedures representing 

a consolidation of earlier research recommendations 

In recent years there has heen a downward 
trend in the breeding population index for wood. 
cock (Philohela minor) in Pennsylvania —a de- 
cline that prompts concern for the welfare of this 
species in the State. Among the many factors that 

may contribute to fluctuations in a wildlife pop- 

ulation, availability of habitat is critical to popu- 
lations of American woodcock (Owen '977:166). 
Woodcock require several different kinds of hab- 
itat during their annual cvcle. On the breeding 
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grounds alone, biologists distinguish among sing- 

ing, roosting, diurnal, nesting, and brood-rear- 
ing habitat. Shortage of any one type of habitat 

may limit the density or productivity (or both) of 

breeding populations. The quantity and quality 
of wintering habitat, and of stopover habitats for 
migrating birds, undoubtedly also influence th 

abundance of woodcock throughout their range 
For any game species, the influence of hunt- 

ing, disease, parasites, and other factors on popn- 
lations should not be overlooked. For example. 
there is some evidence that heavy hunting pres. 
sure can have a severe inypact on local woodcock 
populations. Liscinsky (1972:48-49) showed that 
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the curtailment of hunting in heavily exploited 
covers can result in increased numbers of breed- 

ing birds in spring and larger populations before 
the hunting season. The question of the role of 
such factors in the regional abundance of wood- 

cock deserves further attention, but will not be 

addressed here. 

The purpose of the present paper is to examine 
possible relations between land use and wood- 

cock populations and their habitats in Pennsyl- 
vania. To accomplish this, we: (1) present avail- 
able data on changes in the abundance of wood- 

cock in the State, (2) examine trends in land-use 
categories potentially beneficial or detrimental to 
woodcock, and (3) make predictions concerning 
land-use trends and speculate about their influ- 
ence on the future availability of woodcock hab- 
itat. We also present a general framework for 
future research. 

Woodcock Production and 

Harvest Trends 

Singing-Ground Survey 

The number of woodcock counted during the 

annual spring singing-ground survey in Pennsyl- 

vania has declined sharply since 1967 (Fig. 1), 

the vear when singing-ground surveys were first 

conducted on random routes. Although the inter- 
pretation of the singing-ground index is open to 
question, the survey is the best available measure 
of the size of woodcock breeding populations. In 

Pennsylvania, the index has declined at an aver- 
age annual rate of 7-S% since 1967. whereas the 
index for the Eastern Region as a whole de- 

creased only 2-3% per vear during the same 
period. 

Weedcock Harvests 

Since 1971, woodcock harvests in Penney. 

vania have been estimated from responses to the 

annual small-game harvest survey (Shope and 

McCauley 1974; W. H. Shope 1979. personal 

communication). This is a questionnaire surves 

of randomly selected hunters. Harvests are calou- 

lated by multiplying the average harvest per 
licensed hunter by the number of licenses sold. 

Except for an enusually high estimate for 

1971. annual woodcock harvests in Pennsylvania 
have remained stable at about 200,000 250,000 
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Fig. 1. Trend ‘9 qember of singing male woudeork in 

Penashama as determined from annual wngng 

ground survess coordinated In the U.S. Fish and 

Widlile Service. Estimates were calculated tn 

applying th: annual percentage change in the index 
to data tor the have wear, 1970 

birds (Table 1). Because the total annual harvest 
includes an unknown number of migrant birds 

originating outside the State, harvests were also 

calculated for the first 7 days of the open season 
in each year. Hunting pressure early in the season 

would likely be concentrated on birds produced 
within the State, so that any trends in these : arly 

harvests might reflect changes in the siz’ of 

Pennsylvania's breeding woodcock populatic n. 

The number of woodcock harvested during the 

first 7 days of the season was calculated by 

applying the percentage of the harvest occurring 

in the first week (obtained from the U.S. Fish 

and Wildlife Service woodcock wing-collection 

survey) to the estimated harvest derived from the 

State small-game harvest survey. There is no dis- 

cernible trend in the opening week's woodcuck 

harvest from 1971 to 1979 (Table 1). It is likely 
that the early harvest has fluctuated according to 

the timing of the season's opening date in re! ation 

to the onset of migration in each vear. 

Hunter Success 

In Pennsylvania, the regular hunting licens 

allows the hunter to take a variety of game 

Thus, there are no exact figures on the number of 

hunters who sought woodoock in each veer. As 

part of the small-game harvest survey, the rum. 

ber of woodcock hunters in the State v as esti- 

mated for 4 vears: 1971, 1973, i974, and 1979 
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Table 1. Woodcock harvests, number of hunters, and hunter success in Penasyloania from 
1971 to 1979. 

| Estimated Harvest per Harvest per 

WV oodeack harvest — no. of boemed hunter woodouck hunter 

First Season Iecetrwes woodoack First Season First Season 

Year werk total sold hunters werk total wert total 

iv7i W442 37 Ml 1,137 269 147 544 0.085 0.31 08 242 

1972 M.il4 210.264 1.139.605 0.074 0.18 = 2 

1973 3.318 26) 369 1.184.975 120,867 0.070 0.22 ow 2.15 

v4 32.822 193,073 1,242,982 105,758 0.026 0.16 0.31 1.43 
1975 ART 224.951 1.280.023 . 0 046 0.18 - 

iv76 107 329 228.341 1.279.925 0 OM 0.18 

1977 105.854 211.708 1.285.013 0 OK2 0.16 

1978 9 1.000 1.275.104 - 007 0.16 

1979 TRO 244.0% 1.260.742 213.116 0 O02 0.19 Ov 1.25 

(W. H. Shope, personal communication). Total Land-use Trends 
license sales and estimated numbers of woodcock 
hunters are presented in Table 1. 

One index to the size of a game population is 

the number of animals harvested per unit of 

hunting effort, also known as hunter success. By 

using the number of regular hunting licenses solid 

(or estimates of the mumber of woodcock hunters) 

as an index to hunting effort. we calculated 

hunter success for each hunting season as a 

whole, and for the first 7 days of the open season 

(Table i). In each case, the number of woodcock 
harvested per hunting license sold shows little 
evidence of a trend. However, the woodcock 

harvest per woodeock hunter has generally 
declined during the last decade. If the number of 

hunters is a valid measure of hunting effort, 
increasing effort should result in a larger percent. 

age cf the population being killed. The fact that 
an increasing number of hunters is harvesting a 

constant number of birds indicates that the size 
of the population may be decreasing. Thus 
hunter success, particularly for the first week of 

the open season, may indicate a decline in 
Pennsylvania's breeding woodcock population. 

supporting the evidence from the annual singing- 
ground survey. However, it is also possible that 
woodcock populations have remained stalJe and 
that hunter success has declined because cé an 

increasing number of inexperienced wooccoock 

hunters. Clearly, more accurate information 

concerning the nurnber of woodcock hur ters. 

their skill, the effort they expend, and theiy sux 

cess is needed before the true meaning of ‘hese 

hunter-success figures can be determined 

In view of the apparent decline in wrodcock 
numbers and the importance of habita, 'o woot- 

cock populations, our next objective is to examin: 
lend-use trends in Pennsylvania and consider thr 

probable impact of these changes on the avaii- 
ability of woodcock habitat (see Definition: of 

land-use categories). In effect, this represents a 
macro-planning effort in wildlife management, 
with the life cycle of the species identified in 

terms of habitat needs and the relative avail- 

ability of these habitats evaluated over time. An 

ultimate goal is to determine which habitats may 

be in critical shortage, and to propose ways of 
offsetting these shortages. Granted, such a pro 
cudure should also consider the carrying capacity 
of a given habitat and the spatial proximity of 

various habitats at a local or regi wal level. How. 

ever, before involving these more elaborate de- 
tails, the basics of land-use change must first be 

examined. 

Sources ef Data 

Two problems were encountered in the study 

of land use — securing reliable sources of data 

over time and obtaining data with sufficient de- 

tail to recate to the specific habitat needs of 

woodcoeck. Information from three sources was 

reviewed for this study: the U.S. Department of 
Commerce, Bureau of Census and the U.S. De- 

partment of Agriculture, Soil Conservation and 
Forest Services 
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Definitions of land-use categones + 

Category Det treet cor 

Cropland Land wed for the production of adapted crop for harvest. alone of in rotation «oth 

grawes and leggme. and includes row crops. small grain crop, hay crops. mune 

crops, orchard crops. and other similar specialty crops 

Pastureland Land used primarily for production of adapted. introduced forage plants for animal 

craving 

Land uwd for reedencs. industnal wtes, Commercial ete. Comstructseon ates. umstetu 

tonal wtes, public admunistrative sites. railroad \ords cemeteries. airports, gulf 

courses, wanitars landlilh, «wage treatment plants. water comtral trectures. and 
spiliw avs 

Urban and built-up 

Other land Farmsteads. farm read. ditch hanks. rural nondarm rewdeaces. emestment tracts 

trip mines. borrow and gravel pits and idle. open, rural nondarm land 

Forest Land Land stacked by forest trees of any size. of formerly having had wach tree cower, and 

net currenth developed for nontorest ase The minimeem area for clawification of 
forest land bs 0.4 ha and must be at keatt WO5 m wide 

Saw tiraber Lard at leat 10% stacked with live trees. with half of more of euch tacking ip trees 

> U0 9oan DEH 

Podet umber Land at leat 10 stacked with liwe trees. with hall of more of each docking im trees 

2 12.7 on DBH and < 27 9 em DB 

Arcas at leat 10 stacked with live trees, with hall of more of wach acching im trees Sapling seedling stands 

< i227 en DAH 

Nomstcnhked forest: areas Lands that are lew than 10% stacked with live trees 

“Obtained from Comudine and Powell (1980) and Sail Comervation Service (1980e pb) 

Major differences in acreage totals were noted 
among the three sources for umilar land-use cate- 

gories and points in time. The differences were 
due, in part, to the definitions used by the agen- 

cies in identifying particular land uses. The Soil 

Conservation Service (SCS) clawilies land on the 

basis of its “dominant” or “best” ase, whereas the 

Forest Service (FS) considers certain physical fea 

tures of the land. Land grazed byw animals, even 

if forested, would be clawed as pastureland by 
SCS. on the assumption that this was the land's 

bes. use. The same area, however, ewen if only 

partly forested, would be clawed as forestland by 

the FS 

Another source of difference among the three 

agencies originates from their data-collection 

and sampling procedures. Much of the informa 
tion developed by the Bureau of Census (BC) 

comes from the voluntary census of private land 
owners. The other two agencies conduct on-site 

evaluations at permanent sample plots, with 

their overall effort organized by way of statistical 

designs. The land-use data »rom the SCS and the 

FS were therefore comidered to be more reliable 

than thowe from the BC 

For the purpows of this study, a combination 
of SCS and PS land-use data was emploved. This 
amalgamation involved the 1965 (Ferguson 
1968) and 1978 (Considine and Powell 1980) Fs 

surveys of Pennsylvania and the 1967 and 1977 

SCS conservation inventories of Pennsylvania 

(Soil Comervation Service 1980¢). Two time 
points were used for comparison of land-use 
data: the mid-1960's (1965-67) and the late 

1970's (1977-78). Definitions are provided (sce 
box) for the land-use categories that are disc uwed 

in the following sections 

Recent Land-use Trends 

The basic shift in land use from the mid- 1960's 

to the late 1970's was an increase in urban and 
developed areas and “other land” (areas with low 

agricultural value) at the expense of crop, pas- 

ture and forestlands (Table 2) 

Two forecs were behind these shifts —a con- 

tineed expan on of metropolitan centers and 

t'eht arterks, and an economic withdrawal of 

rginal lands from agricultural production 
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Table 2. Pennsylvania land-use (thousands of hectares: percentages given in parentheses) changes 

during two inventory periods (1965-67. 1977-78) and a comparison of the trends.” 

Inventory 

period Cropland Pastureland 

1965-67 2.503.0 (22) 651.5 (6) 

19. 7-78 2.290.9 (20) 503.4 (4) 

Change ~212.1 (-8) ~148.1 (-23) 

Urban and 

Forestland built-up Other land 

6,636.9 (58) 961.6 (8) 619.6 (5; 

6360.9 (56) 1,471.1 (13) 746.3 (7) 
-276.0 (-4) + 509.5 (+53) + 126.7 (+ 20) 

Based on land-use data from Ferguson (J968). Considine and Powell (1980). and Soil Conservation Service 

(1980a) 

»Total area (11.372.600 ha) surveved did not change between the first and second inventories. 

Urban and Built-up Areas 

Pennsylvania experienced a unique demo- 

graphic situation over this past decade by regis- 
tering a modest decline in population. During 
the same period, intensive use of land in terms of 

urban and built-up usages increased by more 
than 50%. Basically, a nearly constant popula- 
tion took advantage of comparatively cheap land 
and cheap energy to satisfy increasing spatial 
needs. In short, urban sprawl was affordable. 

Cropland and Pastureland 

The largest loss of farm acreage has been in the 

southeast portion of the State. where industrial. 
commercial, and residential interests have outbid 
farming interests for the basic land resource. This 

form of land competition was also evident in 
other urban centers within the State. 

Strip or open-pit mining caused further in- 

roads in farm acreage, particularly in western 
Pennsylvania. Although more stringent regula- 

tions now mandate the return of mined lands to 

nearly their original condition, these areas are re- 

moved from agricultural or forest production for 
considerable lengths of time. 

Pennsylvania’s agricultural sector has been 
subject to an attrition of small marginal farms. 

Such acreage has either been absorbed by larger 

farm units or diverted to alternate land uses. In 

particular, Bills and Gingrich (1980) noted a sub- 

stantial reversion of abandoned farm acreage to 

forest. A certain portion of this idle farm acreage 
was subsequently classified as “other land.” 
These areas with low agricultural value and re- 

ceiving only intermittent use increased 20% from 
the mid-1960's to the late 1970's. 

Initially, this transfer of land out of agricul- 

ture was prompted by poorer classes of soil be- 

coming uneconomical to manage for agricultural 

pursuits. Secondary losses followed as the re- 

maining farm sector fell below a critical mass 

essential! to the maintenance of allied service 

trades. Insufficient bu:iness among farm equip- 

ment suppliers and processing and marketing 

firms resulted in their loss to farm communities: 

these losses imposed added cost handicaps and 

secondary reductions to farm operations. 

As with croplands, a net loss was realized in 
pasturelands, again due to the combination of 
urban encroachment. mining. and financial 

problems within the livestock industry. During 

this period, a substantial transfer of pasturage to 

forest cover occurred in the north-central region. 

In addition, a shift from pasture to croplands was 
noted by the SCS in the southeastern agricultural 

districts. This latter shift was prompted by 
higher grain and crop prices. 

Some increases in pastureland occurred in the 

Indiana County region (west-central Pennsyl- 
vania) from an expansion of dairving and. in the 

southeastern counties. from a larger number of 

beef operations. To date, however, beef produc- 

tion in Pennsylvania has been rather static. State- 

wide, the size of herds has been fairly constant. 
with some decrease noted over the last few vears 

(Pennsylvania Crop Reporting Service 1980). 
One of the basic problems confronting Pennsy1- 
vania beef producers has been the inability to 

match rising costs of production with better beef 

prices. 

Forestland 

The inroads on forested acreage are largely 

due to urbanization and, in western Pernnsyl- 
vania, to strip mining. In addition, a limited 

conversion of forest to farm acreage has occurred 

in areas with more productive soil types. 

The growth of Pennsylvania's forests over the 
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Table 3. Area (in thousands of hectares) of com- 

, mercial forestland in Pennsylvania by stand- 

size class, 1965 and 1978.* 

Year 

Stand-size class 1965 1978 

| Sawtimber 2967.2 3.086.2 

%letimber 2 354.1 2 026.7 

Sapling—seedling 1.315.7 1.248.1 

Nenstocked areas 128.7 83.4 

, “Based on data from Ferguson (1968) and Considine 

and Powell (1980). 

past 15 vears, in terms of stand size, may be seen 

in Table 3. A net gain was registered in the acre- 

age of mature sawtimber stands. As poletimber 

matured to the sawtimber stage. this gain in 

acreage exceeded the loss from timber harvests 

and attrition to other land uses. Net losses were 

recorded in the other three classes, as a measure 

both of their maturation to larger sizes and of 
losses to other land uses. 

Predicted Land-use Trends 

What further changes in land use might be 

anticipated for the State over the next 10 to 20 

years? Energy costs and population increase are 

two central factors affecting land use: these 

forces wil! counter one another during the next 

20 vears. 

Urban and Built-up Areas 

A resurgence of growth can be anticipated in 
Pennsylvania's urban production centers as the 
U.S. economy returns to its former stature in 

domestic and world trade. This growth will be 

tied to a reinvestment in existing industrial cen- 
ters. Additional nodes of economic growth can be 
anticipated as allied industries locate adjacent to 

the current centers and to major eastern markets. 

A gradual increase in urban and suburban popu- 

lations will follow. 

This period of growth, however, will be tem- 

pered by rising costs of energy and, to a lesser 
extent. of land. Expansions will depend more on 
reuse or renewal of existing urban and suburban 

areas. This reinvestment in existing built-up 

areas will force a more concentrated use of such 

areas. Housing, transportation, and other social 
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amenities will be directed to more energy-effi- 

cient designs, involving less spatial expansion. Al- 
though these expansions will be tempered, a net 
increase in urban acreage can still be expected 
over the next 20 years. Given that 0.5 million 

hectares were required in new urban usages dur- 

ing the past span of less than 15 vears, the next 20 
years will require an addition of at least 0.4 to 
0.6 million hectares. 

Cropland and Pastureland 

Farming should increase in economic stature 

as our nation continues its role in the world trade 
of agricultural commodities. A secondary em- 

phasis on instate production will also result as 
transportation costs force a greater reliance on 
local sources of foodstuffs. This combination of 
demands will strengthen the economic structure 

of the farm sector and promote an increase in 
cropland and pastureland. In particular, greater 
attention will be placed on “domestic” produc- 
tion of red meat. Increased pasturage may be 
garnered from fallow agricultural acreage or 
“other land” and from partly forested areas. 
However, the net change to cropland and pas- 
tureland over the next 20 years may be negligi- 
ble, representing a balance between losses to 
urbanization and gains from marginal farm and 

forest acreage. 

Forest Laad 

The forested areas of Pennsylvania will also see 
an increase in economic activity through the har- 
vest of mature stands. A projected increase in the 
value of the better grade of hardwoods should 

provide a sufficient inducement for most land- 
owners to realize the economic potential of their 

resource base. These harvests can be made in a 
prudent fashion that does not conflict with other 

amenity values. By the turn of the century, some 

1.2 to 1.6 million hectares will have been har- 
vested, with most regenerated into sapling- 
seedling stands. The net balance in sapling-seed- 

ling stands will be nearly 2 million hectares. 

Poletimber should change to nearly 1.6 million 
hectares, and sawtimber stands ‘o 2 million hec- 
tares. A reduction will also be evident in non- 

stocked forest areas; basically, our society will 

not be able to afford the luxury of idle land re- 
sources. Overall, by the year 2000, total forested 

acreage will probably decline to 5.7 million hec- 
tares. 
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Our shift to coal as the key domestic energy 
source will expand the volume of land affected 
by strip mining. Most of this will be withdrawn 

from forested acreage. However, the accelera- 
tion of mining will place increased attention on 

the success of returning mined areas to some logi- 
ca!, alternative land use. 

To summarize, there has been a decline in 
cropland and pastureland in Pennsylvania dur- 
ing the past 15 years. There has also been a de- 
crease in the various stand-size classes of forest 

land, with the exception of sawtimber, which in- 

creased. Other land increased 20% , and urban 
and built-up areas increased by more than 50%. 

We predict that the amount of cropland and 
pastureland will not change much during the 
next 10 to'20 years. Forest acreage is expected to 
decline, except for sapling-seedling stands, 
which are predicted to increase. Finally, other 
land may decline, whereas urban and built-up 

land will continue to increase at a controlled, but 

noticeable, rate. 

But how do these land-use trends relate to the 
current status and future of woodcock habitat in 

Pennsylvania? In addressing this question, we 
first identify the woodcock’s major habitat needs 

during its stay in Pennsylvania and indicate how 

these needs relate to the land-use categories just 
examined. 

Woodcock Habitat Needs 

as Related to Land Use 

Habitat Needs 

Male woodcock in Pennsylvania use a variety 

of openings to perform their courtship displays, 
but old fields, pasture, and brushland are used 
most extensively (Norris et al. 1940; Richter 
1948; Longwel! 1951; Liscinsky 1972; K. J. 

Gutzwiller and K. R. Kinsley, unpublished 
data). Thus, the acreages of nonstocked forest 

areas and pastureland may serve as indices of the 
amount of habitat available for use by displaying 
males. 

Studies of roosting habitat have not been con- 

ducted in Pennsylvania, but reports from other 
areas indicate that singing grounds and other 

openings with similar vegetative characteristics 

are used as nocturnal roosting sites (Krohn 1971; 
Dunford and Owen 1973; Wishart and Bider 

1976; Nicholson et al. 1977). Thus, nonstocked 

forest areas and pastureland may also serve as in- 

dices of available roosting habitat. 

Liscinsky (1972:59) found that woodcock in 
Pennsylvania frequently use coverts “composed 
of shrub, brush, or low tree-type vegetation” 
during their daily resting or loafing periods. 

Therefore, sapling-seedling stands may satisfy 
the habitat needs of woodceck for diurnal cover. 

Old fields, brushy edges, shrub and small-tree 

thickets, and young second-growth timber are 
used by nesting woodcock in Pennsylvania 

(Yerger 1947; Liscinsky 1972; Coon 1977; K. R. 
Kinsley, unpublished data). The land-use cate- 
gories that may best reflect these habitat condi- 
tions are nonstocked forest areas and sapling- 
seedling stands. 

Specific information describing structural 
characteristics of brood habitat in Pennsylvania 

is not available. However, the general consis- 
tency among various descriptions of brood habi- 

tat in other areas suggests that certain habitat 
conditions are required by broods, regardless of 
geographic location. Reports by Mendall and 
Aldous (1943), Sheldon (1967), Wenstrom 

(1974), and Bourgeois (1977) indicate that 

broods use edges, open fields, young open forest, 
brushland, and areas occupied primarily by sap- 
lings and seedlings. Presumably, broods in Penn- 

sylvania use similar types of habitat. Thus, acre- 
ages of nonstocked forest areas and sapling-seed- 
ling stands may also reflect the amount of poten- 
tial brocd habitat. 

Habitat Trends and Information Voids 

In a preceding section, we indicated a decline 

during the last decade of land-use categories po- 
tentially beneficial to woodcock, such as pasture- 
land, sapling-seedling stands, and nonstocked 
forest areas. We also noted an increase in saw- 
timber and in urban and built-up areas, which 
generally are not suitable to woodcock. These 
trends are consistent with the apparent decline in 
Pennsylvania's breeding ~voodcock population 
during the same period. 

We predict that the amount of pastureland in 
Pennsylvania will not change much in the com- 
ing years. If urban and built-up areas in Pennsyl- 
vania expand, as we have predicted, then areas 
of potential value to woodcock will be contin- 
ually lost Forest land classes are expected to de- 

cline during the next 10 to 20 years, with the 
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exception of an increase in sapling-seedling 

stands. In genera!, these projections do not pro- 
vide a very optimistic view of the future availa- 
bility of woodcock habitat in Pennsylvania. 

Clearly, the existing data are not detailed 
enough to enable us to make more definitive 

statements than we have made here. There are 
some voids apparent in the data. For example, 
we need information that will enable us to iden- 

tify the habitats needed by both sexes and all age 
classes of woodcock throughout the year, not 
only in Pennsylvania, but throughout the wood- 
cock’s geographic range. We need to know which 

characteristics determine the quality of these var- 
ious habitats. And, we need the ability to relate 

these habitat needs to land-use categories that are 
more refined than the broad categories discussed 
thus far. 

Several pending improvements in the accuracy 
and coordination of land-use data are worth not- 

ing. The SCS is now implementing a nationwide 
inventory of land usage and allied site character- 

istics, as mandated by the Resources Conserva- 
tion Act of 1977. Within Pennsylvania, a proto- 
type survey, completed in 1977, involved 0.6% 

of each county's land area. This preliminary sur- 

vey will be followed by a more detailed survey in 

1982, which will involve a minimum of 4% of 

each county’s area and include on-site evalua- 
tions of land use, soil conditions, vegetative 

cover, wetlands, and wildlife habitat. The 

national data base will be maintained at lowa 
State University and updated every five years. 

A compromise may also be established be- 

tween SCS and FS land-use definitions through a 
new assignment accepted by the U.S. Geological 

Survey. A new project will place the responsi- 
bility for making national land-use classifications 
with the Survey; high-altitude photography will 
be used as the working medium for this data 
base. A standardized land-use classification sys- 

tem will also be developed as a coordinated effort 
among the various agencies having interests in 
this central project (Hirsch et al. 1979:355-356). 

However, we will still need to know how this 
land-use information relates to the habitat needs 
of woodcock. And, we will still need to know 

which land-use categories provide the best habi- 
tat for the woodcock’s activities throughout its 

annual cycle. The following section describes a 

consolidated research framework through which 
voids in the data base can be filled. 
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Framework for Future Research 

and Management 

A primary goal of management is to maintain 
high-quality environments for woodcock. To 

achieve this goal, it is apparent that better infor- 

mation is needed to fill the voids in our knowl- 

edge of this species. Despite efforts to improve 

existing information, we still need better tech- 
niques to survey woodcock populations and to 

classify, evaluate, and inventory habitat suitable 
for woodcock. Finally, we must plan to obtain fi- 
nancial support for critical research and manage- 
ment activities. This support can only be ob- 
tained after the important research and manage- 
ment needs have been clearly defined 

Specific recommendations concerning research 
and management for wocdcock were first out- 

lined by Liscinsky (1966) and later elaborated by 
Owen (1977). These recommendations have led 

to some significant research; however, no real 
attempt has been made to integrate these data so 
that major problems, research needs, and man- 
agement goals can be clearly understood by re- 
source managers. 
We believe that a conceptual framework is 

needed to put the overall woodcock-management 
program into better focus. Such a framework 
would: (1) outline the basic components of the 
program and enable individual researchers to re- 
late better to an overall strategy, and (2) serve as 

a guideline for integrating appropriate data 
bases from local areas to help solve regional 

problems. In short, such a framework would 
serve as a guide for an effective long-range wood- 

cock-management program. 

A research and management framework may 

be divided into the following three components: 
1, habitat classification and evaluation; II, in- 
ventory and trends; and III, decision making 
(Fig. 2). The first component consists of two 
phases, and the two remaining components con- 
sist of one phase each. 

Phase 1 of component I consists of classifving 

all land into appropriate land-use categories and 
habitat types. This includes lands and habitats 
that are used, as well as those avoided by wood- 

cock. The classification and inventory of all land 

would aid the management of not only wood- 
cock, but also other species. In addition, a com- 
plete classification would enable managers to 
monitor land-use categories that are either bene- 
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Fig. 2. Flow diagram of conceptual framework for fu- 
ture woodcock research and management. 

ficial or detrimental to woodcock. The second 
phase, involving an integration of data concern- 

ing land use. habitat selection by woodcock, and 
woodcock numbers, distinguishes among land 

classes of differing value to woodcock. This step 
identifies land-use categories and habitat types 

that best satisfy the woodcock’s habitat needs 
during its annual cycle. Such a step might in- 

volve: (1) the establishment of key study aveas 
throughout the woodcock’s range where biolo- 

gists can monitor woodcock numbers and com- 
pare these numbers to habitat types on a long- 

term basis, and (2) a comparison of woodcock 
population data with land-use and habitat infor- 

mation at local and regiona! levels. Together, the 

first and second phases would provide informa- 
tion regarding the availability of potential wood- 

cock habitat and the types of land and habitat 

preferred or avoided by woodcock. 
Only recently have researchers undertaken 

studies to determine th. quality of specific hab- 
itats (Dobell 1977; Gutzwiller 1980; T. J. 

Dwyer, personal communication), even though 

this type of work was a primary recommendation 

of Owen (1977). We submit that intensive studies 

of habitat selection by woodcock should continue 

to receive high priority in the overall research 
framework, 
When the habitats suitable to woodcock have 

been identified, component II of the conceptual 
framework can be implemented. This compo- 
nent centers on the inventory of woodcock popu- 
lations and the lands and habitats that support 
woodcock. Woodcock population surveys have 
been and continue to be coordinated by the U.S. 

Fish and Wildlife Service. Although State and 

Federal researchers have worked to develop bet- 
ter census techniques, room for improvement still 
exists (Godfrey 1975; Owen 1977). More accu- 

rate information regarding woodcock harvests 
and hunter success would also prove valuable in 
monitoring woodcock numbers. 

Perhaps the most critical needs are to deter- 

mine the amount and distribution of woodcock 
habitat and the changes in these items over time. 

To obtain such information, we believe it is 

necessary to: 
* Continue support of the ongoing efforts by 

State, Federal, and private organizations to in- 

ventory land use and habitat on a regional and 
national scale. 

¢ Expand the initial effort by T. J. Dwyer (un- 
published data) to monitor changes in singing- 

ground habitats along survey routes. 

¢ Inventory habitat on a regular basis at the 

local and regional levels so that trends can be 

identified and considered in management deci- 
sions. 

To implement the activities outlined in compo- 
nents I and II, it will be necessary to obtain in- 

creased financial support from existing public 
and private sources (Sandfort 1977), and identify 
new sources of funding (Labisky et al. 1979) for 
the support of long-term studies on a regional 
scale. 

Component III in the conceptual framework 
for woodcock research and management is essen- 
tially a decision-making process related to socio- 

economic forces, changes in woodcock popula- 
tions, and trends in woodcock habitat. As indi- 

cated earlier, changes in human populations and 
energy supply and demand are the primary fac- 
tors affecting land use and wildlife habitats. If 

the current trend of increasing human popula- 
tion and energy consumption continues, it is 
axiomatic that pressures on land for uses other 
than wildlife habitat will intensify. As the 

amount of land suitable to woodcock dwindles, 
the importance of habitat management on re- 
maining, undeveloped areas will increase. Thus, 
the need to inform landowners about habitat 
management (Coulter and Baird, this volume) 

that can be practiced on a local scale cannot be 
overemphasized. An effective extension and edu- 

cation program will play an important role in 

conveying such information to the public and 

gaining support for decisions arrived at through 
component IIT. 
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Summary and Conclusions 

On the basis of singing-ground surveys coordi- 
nated by the U.S. Fish and Wildlife Service, we 

conclude that the breeding woodcock population 

in Pennsylvania has declined from 1967 to 1980. 

Pastureland, sapling-seedling stands, and non- 
stocked forest areas, potentially useful to wood- 
cock, declined in Pennsylvania from the mid- 
1960's to the late 1970's, and sawtimber and 

urban and built-up areas, generally not suitable 
to woodcock, increased. These land-use trends 
are consistent with the apparent decline in the 

breeding woodcock population in the state. 
During the next 10 to 20 years in Pennsyl- 

vania, we predict further increases in urban and 

built-up areas, little change in acreages of pas- 

tureland and cropland, and declines in all forest 

stand classes except sapling-seedling stands, 
which will increase. In general, the declining 

trend in the availability of potential woodcock 
habitat in Pennsylvania is expected to continue. 

Existing data on land-use and habitat needs of 

woodcock are inadequate to make accurate pro- 

jections of habitat availability or to suggest ways 
of offsetting habitat losses. We therefore present 
a general framework to help guide woodcock re- 

search and management on a rangewide basis. 

The information obtained through this frame- 
work should enable managers to propose ways of 

reversing declines in habitat quantity and in 
woodcock numbers. 
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Abstract 

In 1971, the Michigan Department of Natural Resources began a program of reclaiming 

the intolerant stage of forest s:ccession to increase the white-tailed deer (Odocoileus vir- 

ginianus) population. This program allowed Wildlife Research to devise a research project 
to evaluate the effects of large-scale habitat manipulation on animal populations asso- 
ciated with the intolerant stage and on attitudes of the user public. Six experimental areas, 
totaling 140 km*, were clearcut, two each at 25, 50, and 75% of the area. Woodcock 

(Philohela minor) populations were monitored by singing-male counts, ruffed grouse 

(Bonasa umbellus) populations by spring-drumming male counts, and deer populations by 

spring deer-pellet surveys and summer track counts. Numbers of singing male woodcock 

increased in proportion to the percentage of area cut; grouse have not responded to the 

treatment as yet; and deer increased the most on areas cut at 50% and least on areas cut at 

75%. A concurrent study of the user public found that hunters agreed with cutting: grouse 

and woodcock hunters also reported a high proportion of good and very good hunts. 

The State of Michigan has 2.43 million ha (6 and this nvakes it possible to determine the 
million acres) of public land, of which 1.42 miil- amounts of certain forms of recreation that will 

lion ha (3.5 million acres) are in state ownership. be available. Logically then, a guide for land 
Most of this land is used for growing timber and management based on the timber resource and 
for meeting the recreational needs of the general demands for recreation is needed. 
public. Through land management, several dif- In 1971 the Wildlife Division of the Michigan 
ferent ecological stages can exist simultaneously, | Department of Natural Resources (DNR) began a 

program of habitat management to increase the 
- white-tailed deer population. The Forest Wild- 

‘Contribution from Federal Aid to Wildlife Restora- life Research Unit of the DNR developed a re- 
tion, Michigan Pittman Robertson Project W-117-R. rogra 
Michigan State University Agricultural Experimental = P wes — the ee or 
Station Journal No. 9735. of torest succession relative to the goa in- 

2Present address: School of Natural Resources, Univer-  creesing the deer population. Preliminary results 
sity of Michigan, Ann Arbor, Michigan, 48109. on deer and vegetation production, costs, and 
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Fig. 1. Location of the six experimental areas in northern lower Michigai, 

human reactions to cutting were reported in Ben- 
nett et al. (1980). The present paper describes the 
response of woodcock, ruffed grouse, and deer to 
the intolerant stages of forest succession. 

The Study Area 

The study area was located in Roscommon and 
Kalkaska counties in northern lower Michigan 

(Fig. 1). Upland forest vegetation of the region is 

sowing treated and untreated tracts. 

dominated by communities of second-growth 
aspen (Populus spp.), oak (Quercus spp.), and 
pine (Pinus spp.). The experimental areas were 
typical of public-ownership lands, with the usual 
history of pine logging at the turn of the century 
followed by wildfires, clearing, and grazing. 

Lowland swamps and drainage margins are 
characterized by stands of cedar (Thuja occiden- 

talis), spruce (Picea spp.), and balsam (Abies bal- 

samea) with alder (Alnus spp.) edges and 
pockets. 
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Topography of the areas grades from flat. to 

rolling, to hilly. Soils are generally sandy on out- 
wash plains, changing to sandy loams on uplands 

and morainic slopes. Lowland soil includes 

poorly drained organic soils in bogs and swamps. 
with silty bottomlands along drainage-ways. 

Average annual precipitatic’: in the region is 

about 76 cm. Snow cover can be expected by 
mid-November and persists for about 100 days. 

Total annual «nowfall varies from 200 cm in the 

Roscommon County area to more than 292 cm in 
Kalkaska County. Maximum snow depth ranges 
from 30 cm in the Roscommon County area to 

45 cm on the Kalkaska County area. The mean 

annual temperature is approximately 7° C. The 
growing season varies from 80-120 davs. 

Methods 

Design and Treatment 

The studies were conducted on six separate 

23.3-km? (9-mi*) experimental areas. Treatment 
on the three pairs of areas consisted of clearing all 
standing trees from designated parts of the areas, 
which resulted in clearcuts totaling 25. 3. and 

75% (Fig. 1). This range of treatment levels was 

necessary because: (1) the treatments had to be 
large enough to override activity on adjacent 

lands (especially on adjoining private land over 
which there was no experimental control), and 
(2) the difference between levels of treatment 
had to be large enough to enable measurement of 
the responses. Clearing on the experimental areas 
began in winter 1972-73. with completion dates 
of June 1973 for the 25%. June 1974 for the 
50° . and June 1975 for the 75% areas. 

The first priority method of treatment on the 
experimental areas was by commercial timber 
sales. Residual and nonmerchantable stands were 
leveled by handcutting. bulldozer with a tree 
cutter K-G blade. rolling chopper. or fire. Each 
method was applied to at least 15% of the total 
area treated on each experimental area. 

First priority of vegetative types to be treated 
was mature aspen, followed by northern hard- 
woods (Fagus spp.. Betula spp.. Acer spp.). oak, 
jack pine (Pinus banksiana) mixtures, and then 
upland brush. All swamp conifers and most 
stands of upland conifers were left standing to 
provide winter cover. 

Animal Population Monitoring 

Woodcock 

Two 6.4-km (4.0-mi) census routes were used 

on each experimental area to evaluate woodcock 

response (Fig. 1). Each route consisted of 10 lis- 

tening stations at intervals of 0.64 km (0.4 mi). 
The total amount of clearing along the two 

routes combined was commensurate (4 5%. 
based on linear measurement at the road edge) 
with the prescribed treatment of that experimen- 
tal area. Routes were nonoverlapping and jo- 

cated in the interior portion of the areas when- 
ever possible. Shorter routes were necessary on 

one of the 50°% areas (Russell) to attain the de- 
sired amount of clearing. 

Censuses were conducted between 25 April 
and 15 May from 1975 to 1980. Three censuses of 
each experimental area were made in 1975-76 to 

estimate within-vear variation; only one census 
of each route was made in 1977-80. Starting 

times and weather conditions for censusing fol- 
lowed guidelines established by the U.S. Fish and 
Wildlife Service, which are based on studies by 
Viestiali (1954). Blankenship (1957). Goudy 
(1960), and Duke (1966). Routes within experi- 
mental areas were censused simultaneously. The 

number of displaying woodcock identified in a 
2-min period were recorded at each listening sta- 
tion. Counts for the two routes within an area 
were averaged for comparison with other areas. 
For the purpose of our analysis, a listening sta- 
tion was considered active for the vear if at least 
one woodcock was recorded at the station. 

To determine why woodcock used some clear- 

ings for singing grounds and not others. we re- 
corded plant species and structural measure- 
ments for each listening station that occurred in a 
clearcut. The measurements included visual 
evaluation of the dominant species of regenera- 
tion (aspen, oak-maple. or other), the average 
height of regeneration (0.0-1.9, 2.0-3.9. or 

4.0+ m). and the average density of regenerat- 
ing vegetation (0-25, 26-50, 51-75. or 76-100% 

cover). In addition, a record was made of all 

major community types (aspen, conifer, oak, and 
mixed deciduous-conifer) bordering the clearing 
within 250m o! each listening station, Chi- 

square and discriminant function analyses were 
used to test the significance and relative impor- 
tance of each of these factors. 
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Ruffed Grouse 

Census routes and listening procedures for 
ruffed grouse followed those outlined by New- 
house (1975). Counts were made on all experi- 
mental areas during i973-75 and in 1978 and 

1980. A census route consisted of 20 listening 
stops at least 0.8 km apart; each route was driven 
twice on each of the experimental areas during 
May. The 2-h census period began 45 min before 

sunrise. The listening period at each stop was 
4 min, during which the number and direction 
of all drummings were recorded. 

Deer 

Two field methods were employed to monitor 
changes in deer populations: spring pel'et-group 
surveys (Eberhardt and Van Etiein 1956) to esti- 

mate overwinter populations, and summer road- 
side track counts (Daniel and Frels 1971). Both 
surveys were begun in 1972 and continued 

through 1980. 
Pellet surveys were conducted on the 25% 

clearcut areas in 1972, 1975, and 1978; on the 
50% clearcut areas in 1973, 1976, and 1979; and 
on the 75% clearcut areas in 1974, 1977, and 
1980. Each of the nine sections on an experimen- 
tal area was sampled on the basis of random 
starting points. A total of 35 courses were 
selected, with four 81l-m? (0.02-A) plots per 
course. The number of pellet groups per plot 
were counted and converted to an estimate of 
density using Ryel’s (1971) formula. 

Track counts were made during July and 
August on a 16-km route along poor dirt and 
gravel roads in each experimental area. On each 
route, three to five different track counts were 
conducted during the census period. Each route 
was dragged in the evening and the number of 

deer crossings counted the following morning. 

Results and Discussion 

Woodcock 

Census results indicate that woodcock popula- 
tions increased substantially on all six experimen- 
tal areas between 1975 and 1980, totaling 290, 
250, and 360% for the 25, 50, and 75% treat- 
ment levels, respectively (Fig. 2). Analysis of var- 
iance for treatment differences in each year (us- 
ing a pooled estimate of within-year variation 
computed from replicate censuses in 1975-76) 

20> 25% 

50% 

AVERAGE NUMBER WOODCOCK / CENSUS ROUTE 

Fig. 2. Average number of singing male woodcock per 

census route for each experimental area, and regional 
census trends (dashed line) based on 31 woodcock 
census routes of the U.S. Fish and Wildlife Service in 
northern lower Michigan. 

showed that the 50 and 75% treatment areas had 
significantly more (P<0.05) male woodcock 
than the 25% areas for all six years. Only since 
1979, however, have all three treatment levels 
been significantly different (P< 0.05) from each 
other. Also, the number of singing males has be- 
come proportional to level of treatment on the 
experimental areas since 1979. 

Experimenta! areas.were compared to regional 
population averages for the same period. These 
comparisons show that all six experimental areas 
were below the regional average in 1975 and that 

che 50 and 75% experimenial areas surpassed the 
regional levels in 1976 and remained higher (ex- 

cept for one unit) in 1977 (Fig. 2). In contrast, 
the 25% experimental areas generally remained 
at or below regional averages throughout the 

study. Because the regional population index re- 
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Table 1. Number (percentage) of the listening stations in clearings used and ot used by displaying 
w oodcock i in n relation to the occurrence of va various plant communities in and around the clearing. 

a _ Ghearings a 

ee We Ci . 
Plant communitics Used _Notused Used Not used 

Aspen community iealiaiae rer 33 (82) 7 (18) 34 (85) 6 (15) 

Oak community bordering clea. ing 29 (64) 16 (36) 31 (6S, 14 31) 

Pine community bordering clearing 41 (63) 24 (37) 45 (69) 20 (31) 

Aspen dominant species in clearing 28 (66) 15 (34) 49 (83) 10 (17) 

Oak-Maple dominant species in clearing 14 (61) 9 (39) 9 (SD)> 9 (SD) 
Total number of clearings 53 (63) 31 (37) 62 (74) 22 (26) 

“Significantly greater use than randomly expected (P < 0.05). 

"Significantly less use than randomly expected (P < 0.05). 

mained relatively constant while treatment areas 
increased substantially, we concluded that spring 
population changes on the experimental areas 
were a result of the habitat alterations and not 
merely a reflection of regional population trends. 

Comparisons of active and inactive listening 
stations to the occurrence of various plant com- 
munities revealed that clearings bordered by un- 
treated aspen communities were used by singing 
male woodcock significantly more often in 1976 
and 1980 (Table 1) than would randomly be ex- 

pected (P<0.05). In addition, aspen-dominated 

clearings were used preferentially in 1980, 
whereas clearings dominate’ by oak and maple 
were apparently avoided. Nowe of the other 
plant community or structural variables showed 
a significant relation to singing-ground use in 

either year. 

Discriminant function analyses were then used 
to investigate the relative importance of plant 
species and structural variables in both years 
(Table 2). Significant results (2<0.01) were ob- 
tained in 1976 and 1986, and the functions were 
able to correctly classify 74 and 75% of the active 
and inactive listening stations, respectively. Al 
though the discriminant function jes ord 
indicate that in 1976 the most important variable 
(35% explained variation) was the presence of 
bordering aspen communities, this variable 
ranked second to aspen regeneration in the clear- 
ings by 1980. The results of both habitat analyses 
support each other and suggest that the presence 
of aspen diurnal cover in proximity to a clearing 
may be more important than the overall struc- 
tural composition within a clearing. Hale and 
Gregg (1976) found that woodcock would re- 

Table 2. Summary of discriminant function analyses for used and non-used listening stations by dis- 
playing male woodcock in relation to habitat variabies in and around the clearings, including the 

discriminant function (D.F.) coefficients and its percent relative contribution to the overall 
function. 

D.F. 

Habitat variable coefficient 

Aspen community bordering clearing 1.22 
Oak community bordering clearing 1.16 

Pine community bordering clearing 0.13 

Aspen dominant in clearing 4.65 

Oak-Maple dominant in clearing 4.72 

Height of vegetation in clearing 0.53 

Density of vegetation in clearing 0.23 

Clearing 

1976 1980 

Relative D.F. Relative 
contribution (%) — coefficient contribution ( ) 

H 0.49 20) 

4 0.28 12 
3 0.30 12 
18 0.84 35 
20 0.03 | 
4 0.05 2 
6 0.45 18 
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spond to clearcutting only if it was done within 
1.5 km of nesting or diurnal cover. Woodcock 

are known to be opportunistic in their use of 
operiugs for singing grounds (Mendall and 
Aldous 1943; Blankenship 1957), and Sheldon 

(1967) stated that the only consistent require- 
ment for a singing ground is a “get away” aerial 
route. 

Three of the experimental areas (Russell, 
Lanes. and Nine-Mile) experienced significant 
increases in the number of active singing grounds 
in the first two years after treatment, followed by 

a one- to two-vear decline. and then further in- 
creases (Fig. 2). Similar patterns of increase and 
decline were also documented by Hale and 
Gregg (1976) for aspen clearcuts in Wisconsin 
and by Sepik et al. (1977) for alder cuttings in 
Maine. However, in both of these studies, the de- 

cline in use continued without further increases 

and was attributed to rapid regeneration of 
woody plants which reduced the suitability of the 

clearings for singing and roosting activities. We 

believe the initial response to our experimental 
areas may represent woodcock exploration of 
newly created (1976) singing-ground habitat. 
some of which were found to be undesirable and 

abandoned, resulting in the 1977 decline. One 

instance in particular involves a singing greund 
on the Nine- Mile area located more than 600 m 

from the nearest diurnal cover: it was used in 

1976. abandoned in 1977. and not used again 
until 1979. 

Over the six vears of monitoring, the total 

nunwer of active listening stations increased 

from 38 to 62. and the average number of birds 

per listening station increased from 1.0 to 1.9. in- 
dicating greater overa!| use of the experimental 
areas in terms of density and distribution of sing- 
ing grounds. The increases were most pro- 
nounced on the 75° treatment areas. Increases 

in active listening stations on the 25% areas wefe 

less dramatic because the clearcuts were smaller. 

allowing woodcock to use the entire clearing 
immediately after cutting. 

The immediate increases in singing-ground 
activity on the experimental areas were asso- 
ciated with the clearing of mature forests, while 
the long-term increases :ppeared to be more a re- 
sult of subsequent aspen regeneration within the 
clearings. Woodcock require an interspersion of 
forest and field activities (Mendall and Aldous 

1943: Blankenship 1957; Sheldon 1967). Immed- 

iately after cutting operations on the experimen- 
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tal areas, our observations indicated that inter- 
spersion requirements were met only along 
untreated forest edges. Within a vear, however. 

aspen, cherry (Prunus spp.). and other early suc- 

cessional species responded to the favorable 
growing conditions. Locations originally domi- 

nated by mature oak. maple, and pine did not 
regenerate as rapidly and tended to remain as 
grassy openings much longer. As the regenerating 

aspen matured, creating a finer-grained inter- 
spersion of forest and field habitats, the total 
amount of habitat available to the birds in- 

creased. This conclusion is supported by the ex- 
tended distribution of singing grounds and the 

first reports of woodcock nesting and raising 
broods within the regenerating aspen, starting in 
1978. 

Monitoriag has not continued long enough to 

determine whether the experimental areas have 
reached optimal conditions for woodcock. Our 
present information suggests that the 25 and 50% 
areas may have peaked in 1978 and 1979 respec- 
tively (five vears after treatment). while the 75% 

areas are still showing regular increases. Cer- 
tainly, however, the maximum number of dis- 

playing woodcock that can be supported on any 
of these areas is a function of the original forest 

composition and of the amount and interspersion 
of forest regrowth within the clearcuts. 

Ruffed Grouse 

Ruffed grouse drumming activity varied 
between 0.2 to more than 2.5 drumming sites per 
listening stop (Fig. 3). Russell and M-18 values 

are conservative, since the presence of operating 
oil pumps in both areas in 1978 and 1980 inter- 
fered with audibility of the drumming. The 
drumming censuses conducted since 1973 do not 

appear to show any patterns in drumming-male 
use of the experimental areas that can be related 
to treatment levels. Moran et al. (1980) suggest 
that the drumming counts are similar to fall flush 

rates reported from cooperating hunters and 
postcard surveys conducted to estimate kill. They 
suggest that there was a positive relation between 
the number of drumming males and habitat 
diversity. 

Among investigators there is a consensus that 

the shrub laver of vegetation ‘s one of the most 
important determinants for drumming males 

(Palmer 1963; Boag and Sumanik 1969; Boag 
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Fig. 3. Average number of ruffed grouse drumming 
sites per listening step for each experimental area. 
The 1973-75 data are from Newhouse (1975). and 
the 1978 and 1980 data are from Moran ef al. (198). 

1976; Stoll et al. 1979). Stoll et al. (1979) found 
that cover types in a 16-ha area around tradi- 
tional (perennial) drumming sites included three 
times as much brushland and heavily cut wood- 
land. During prelaying and laying periods, 
female grouse prefer lowland alder and mixed 
hardwood habitats and avoid open fields anc! 
marshes (Maxson 1978). Large recent clearcuts, 

therefore, would not be expected to encourage 
use by drumming males and nesting females and, 

predictably, no pattern of response in the exper- 
imental areas is \t apparcut. Vegetative growth 

on the experimenta! areas should soon begin to 
meet the habitat needs of grouse, and their 

response may become pronounced in the future. 

Deer 

Overwinter densities of deer, estimated by 
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Fig. 4. Trends in overwinter deer populations on exper- 
imental areas and surrounding Jocale (dashed linc) 
acoording to spring pellet group surveys, northern 
lower Michigan. 

spring pellet-group surveys in 1972, were about 
25 to 60 deer per km* on the 25% experimental 
areas and for the Michigan DNR district in 

which the study was located (Fig. 4). Densities of 
deer showed a steady increase of 20 to 35/km* per 
year on the experimental areas through 1978, 
while densities in the DN& district remained 
steady between 50 to 75/km*. A similar pattern 
of increase was recorded for the 50% experi- 
mental areas between 1973 and 1979, with deer 
densities approaching 250 to 275/km*. Densities 
remained between 20 and 60/km* on the 75% ex- 
perimental areas between 1974 and 1980 and 
were somewhat less than densities recorded for 
the DNR district. 

Additional field observations and other studies 
dealing with deer behavior and wintering deer 
food-shelter relations (Ozoga and Gysel 1972) 
also suggest that the 75% clearcut area will not 
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Fig. 5. Summer deer population trends on experimental 
areas from roadside track surveys, northern lower 
Michigan. Data for 1980 are preliminary. 

support high densities of deer. An abundant food 
supply on the 75% experimental areas does not 
offset the need for cover during the winter 
period. 

The number of deer crossings per kilometer of 
road started at approximately 5 to 15 in 1972 and 
increased to nearly 50/km on the 25 and 50% ex- 
perimental areas by 1980 (Fig. 5). Although the 
number of crossings on the 75% experimental 
areas increased from 1972 to 1980, the number of 
crossings in 1980 were less than those observed in 
the 25 and 50% experimental areas. Numbers of 
deer at the DNR district level, based on pellet 
counts, remained constant during the time when 
we were recording increased summer use on the 
experimental units. This finding is consistent 
with the positive response to clearcut areas 
during July and August shown by Nelson (1979) 
and Stormer and Bauer (1980). They found that 
the response was due to extensive browsing of 
aspen leaves. 
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Fig. 6. Comparison of deer, grouse and woodcock pop- 
ulations, by treatment level for 1980 on experimental 
areas, northern lower Michigan. 

Conclusion 

Three animal species classed as inhabitants of 
the young-aged early successional forest re- 
sponded differently to large-scale experimental 
habitat manipulation. Greatest woodcock 
response was to the 75 % experimental areas (Fig. 
6). Ruffed grouse exhibited no response. Deer re- 
sponded most on the 50% clearcut with a much 
suppressed response on the 75% areas—even 
below that on the 25% areas. These conclusions 
could change as the early successional forest con- 
tinues to grow since the 75% areas are only six 
growing seasons old. It appears that these three 
species have a different hierarchy of limiting fac- 
tors. If that is indeed true, the concept of key 
value becomes the management philosophy (Ben- 
nett et al. 1980). 

As Sousa (1980) stated: “Most importantly, the 
processes of recolonization and species replace- 
ment following a disturbance which opens space 
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are better explained by the life history character- 
istics of individual species than by any emergent 

properties (Salt 1979) of the whole community.” 

Deer hunters mostly agreed with the cuttings; 
woodcock and grouse hunters predominately 
agreed with cuttings and had high enjoyment 

ratings of the hunt (Langenau et al. 1979). Clear- 

cutting in this area of the state elicited a large 
negative response neither from users nor from 
area residents (Langenau et al. 1977). 

We recommend management aimed at a tar- 

get species with sufficient advertising and plan- 
ning to negate any possible adverse public reac- 
tion. 
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Abstract 

A study was initiated in 1975 at the Moosehorn National Wildlife Refuge to develop 
habitat management techniques for woodcock (Philohela minor) that could be used by 

small landowners as well as in commercial forestry operations. Use of selected diurnal 
covers by adult female and juvenile woodcock increased after strips were clearcut through 

these covers. Woodcock use of clearcut strips for feeding was equivalent to that in adjacent 

uncut areas after only 6 years of growth. Small clearings created by firewood cutters in a 

1,200-ha hardwood stand increased singing male activity, but commercial forest opera- 

tions were necessary to increase singing-male use in relation to the rest of the refuge. The 

age structure of courting males on new clearings favored second-year males (65% ), but 

older males (55% ) were more common on established singing grounds. Spring burning of 

commercial-quality blueberry fields increased roosting activity during the summer of the 

burn. Roosting woodcock also preferred clearcuts adjacent to active summer fields in 
which the slash had not been treated. Management recommendations are also given. 

Woodcock numbers in the Northeast have 
been gradually declining over the past decade 

(Artmann 1977). One of the most pressing 
problems is a deterioration in the quality and 
quantity of habitat as a result of urbanization, 
intensive forest management practices, fire con- 
trol, and a decline in farm abandonment. Man- 
agement of existing habitat has therefore become 
increasingly important. 

Mendall and Aldous (1943) first demonstrated 

the value of habitat management for woodcock 
at the Moosehorn National Wildlife Refuge in 
Maine. They found that artificial clearings were 
used by courting males, and they recommended 
clearcutting, thinning, and burning as possible 
management techniques. In subsequent studies at 
Moosehorn, Rearden (1950) found that wood- 

cock showed a preference for managed covers. 
Liscinsky’s (1972) Pennsylvania study also 
demonstrated a variety of habitat improvement 
techniques, including clearcutting, selective cut- 
ting, and herbicide application. In Wisconsin, 
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Hale and Gregg (1976) found that feeding and 
roosting woodcock made heavy use of clearcuts 
in aspen (Populus spp.). 

In 1975 a study was initiated at the Moosehorn 
National Wildlife Refuge to develop woodcock 
management techniques that could be used by 
small landowners and in commervial forestry 
operations. Special efforts were made to record 
changes in woodcock use of covers that were 
altered by management. Initial findings (Sepik et 
al. 1977) showed an increase in woodcock use of 

diurnal covers where 20% of the vegetation was 
clearcut and an increase in the use of small clai- 
cuts in a large contiguous hardwood sta..! by 
singing males. We present other aspects of the 
study in this paper and make further manage- 
ment recommendations. 

Study Area and Methods 

This study was conducted at the Baring Unit of 



the Moosehorn National Wildlife Refuge rear 
Calais, Maire. When the refuge was established 

in 1937, the area was predominantly abandoned 

farmland and recently logged and burned forest. 
Today the area is 90% forested, with mixed 
stands of spruce (Picea spp.), balsam fir (Abies 

balsamea), and white pine (Pinus strobus). Pre- 

dominant hardwoods include birch (Betula 
spp.), red maple (Acer rubrum), and aspen (Pop- 
ulus spp.). Alder (Alnus rugosa) is common on 
moist sites but is rapidly being replaced by latex 
successional species. Most wooded areas have 
passed their prime for woodcock, thereby provid- 
ing an excellent opportunity to test various man- 
agement techniques. 

Diurnal Cover Management 

Rejuvenation of alder covers was attempted by 
clearcutting about 20% of selected covers in 
strips 10 to 20 m wide. These cleared strips were 
separated by uncut blocks 40 to 80 m wide. Slash 
was either piled and burned or chipped. Three 
alder covers have been monitored intensively 
since they were cut. Modified shorebird traps 
(Liscinsky and Bailey 1955) were used to measure 
woodcock use of the clearcut strips and uncut 
portions of covers, as well as six unmanaged 
covers. 

Singing Ground Management 

In 1974 a firewood-cutting program was initi- 
ated in a 1,200-ha hardwood stand. Local resi- 
dents were assigned 30- x 30-m, or 1.3-ha, blocks 

to clearcut. In 1978 commercial clearcuts were 

started; these cuts were either 20 m wide and up 
to 400 m long, separated by 80- to 100-m uncut 
blocks, or 2-ha block cuts. Adjacent blocks or 
strips will be cut at 10-year intervals, resulting in 
a 40- to 50-year rotation. 

Singing-male surveys were conducted on this 
area to document woodcock use before and after 
cutting. Our survey differed from the federal sur- 
vev (Clark 1970) in that stops were only 0.5 km 

apart and the routes traversed the entire study 
area, so that all courting birds on the study area 
could be located. Throughout the course of this 
study, singing males were also captured on both 
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newly created and traditional singing grounds 
using mist nets (Sheldon 1967). 

Nocturnal Cover Management 

Commercial Blueberry Management 

Moosehorn National Wildlife Refuge contains 
several blueberry fields that serve as active sum- 

mer roosting areas for woodcock. Four of these 

fields were placed in commercial blueberry man- 
agement. Two of the fields, 1 and 10 (each 2 ha), 

were separated by a gravel road and 50 m of 
second-growth hardwoods. Field 1 was burned 
in April 1977 and Field 10 the following spring. 
Neither field had been burned for at least 5 
years, but both had been mowed occasionally. A 
third blueberry field, 36 (also 2 ha), had been 
maintained by hand cutting invading woody 
vegetation; this field was burned in April 1977, 
but about 25% was left unburned to serve as a 
control. Blueberry Field 7 (3 ha) contained 
1.5m tall hardwood growth before it was 
mowed in August 1977; this field was burned in 
April 1978. 
Woodcock use of the fields was monitored be- 

fore and after burning using mist nets (Sheldon 
1967). Fields were netted about once a week 
from | June to the end of August, but only data 
from the peak period of summer field use 
(12 June to 20 July) were used to analyze wood- 
cock abundance. 

The response of vegetation to fire was also 
measured during the peak of woodcock use. The 
number of stems by species and percent cover 
were recorded the summer before and after 

burning. 

Enlarged Temporary Summer Fields 

In the fall of 1978, Blueberry Fields 1, 10, and 

39 were enlarged by 1.7, 0.4, and 1.0 ha, respec- 
tively. All merchantable wood was removed 
from these fields, and the remaining slash on 20 

systematically distributed 0.25-m* plots in each 
field was over dried and weighed. In June 1979 
the enlarged portion of Field 1 was broadcast 
burned, and the amount of slash remaining was 

measured. 

In the newly cut areas and adjacent fields, 
woodcock use was monitored throughout the 

summer by nightlighting (Rieffenberger and 

Kletzly 1967). The locations of initial flushes and 
captures were recorded. 
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Table 1. Capture rates of adult and juvenile woodcock in diurnal cover 5 (DC 5) and unmanaged 

covers (UC) from 1974 through 1979 and the number of singing males using the cleercut strips, 
Moosehom Nationai Wildlife Refuge. 

7 Capture rate* 

Me, <f ctastan ____ Adult males Adult females Juveniles 

Year malsinDCS DC 5 UC DC 5 UC DC5 UC | 

1974 2 0.24 0.12 0.44 0.15 2.44> 1.37 

1975 3 0.84> 0.13 0.49 0.23 2.45> 1.75 

1976 2 0.11 0.04 0.26 0.04 1.53> 0.75 

1977 1 0.17 0.07 0.29 0.13 1.17 0.91 

1978 l 0.14 0.07 0.28 0.14 0.93 1.20 

1979 | 0.03 0.07 0.11 0.08 0.37 0.39 

«Capture rate = number of captures per 100 cell nights. 

»Chi-square analysis indicated different capture rates for woodcock caught in diurnal cover 5 and unmanaged 

covers (df = 1, P < 0.05). 

Response to Management 

Diurnal Cover Management 

Sepik et al. (1977) found increased use of diur- 

nal covers after strips had been clearcut through 
the covers. They postulated that the clearings 

Table 2. Woodcock capture rates in the strips 
clearcut in 1973 and in the uncut portions of 
diurnal cover 5, Moosehorn National Wildlife 
Refuge. 

Capture ratee 
Clearcut portion Uncut portion 

attracted courting males and this, in turn, Year  ofcover —— ofcover Difference” 
attracted females. The females probably nested —_j g7¢ 0.39> 2.47 2.08 
and raised their broods near the cover; thus the —_}.977 0.56> 1.96 1.40 

young gained an affinity for the area and re- —_1978 0.48» 1.50 1.02 
mained there through the summer. To further 1979 0.56 0.46 -0.10 
test this hypothesis, from 1974 through 1980 we _—‘1980 0.68 0.58 0.10 

monitored not only the capture rates of juvenile 
and adult woodcock throughout the summer, but 
also spring singing-male use of unmanaged 
covers and of a cover that had been strip clearcut 
in 1973 (Diurnal Cover 5). 

If overall woodcock abundance in a cover is a 
function of the presence of courting males, it 
should be reflected in the use of the cover by 
adult females and juveniles, and this was indeed 
the case in Diurnal Cover 5 (Table 1). As long as 
use by singing males remained high, the summer 
capture rates of adult females and juveniles were 
greater than those in unmanaged covers (X?*, 
df = 1, P<0.05). However, as the clearcut strips 
began to grow back and singing-male activity de- 
creased, adult female and juvenile capture rates 
decreased, approaching those for unmanaged 
areas. Adult male capture rates exceeded those in 
unmanaged areas during 1975 (X*, df=1, P < 
0.05), the peak of courting male activity in the 
strips. Apparerily, male affinity for covers near 

“Capture rate = number of captures per 100 cell 

nights. 

bChi-square analysis indicated different capture rates 
for woodcock captured in the clearcut strips and uncut 

portions of the cover (df = 1, P < 0.05). 

their courtship area is not as strong as that exhib- 
ited by females and juveni)2s. However, during 
periods when competition between males is 
great, they may stay close to their courting area 
and thus gain an affinity for the area. Subdomi- 
nant male activity may also be greater during 
such times. 

While capture rates in Diurnal Cover 5 as a 
whole were decreasing, capture rates in portions 
of the covers that were clearcut in 1973 were 
approaching those in uncut sections of the cover 
(Table 2). From 1976 through 1978, few wood- 

cock were captured in the strips, but in 1979 cap- 
ture rates in uncut and clearcut areas were not 
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were created in a 1.200 ha hardwood stand at Moosehorn National Wildlife 

mere ial forest operations were initiated in addi- 

tion to the recreational firewood cutting. By the 

spring of 1979, the number of clearings had more 
than doubled. nearly all courting males were 

using artificial clearings. and singing males in the 

of the 

45 clearings 

hardwood stand had increased to 1S 

total. By 19SO ther 

} vears old or less. The number of courting 

and 24 onl the 

courting males on the refuge were in this hard 

reluge were 

’ males was at a 7-vear high 

wood stand. During this same period, the num 

ber of singing males had decreased throughout 

Maine (John Tautin. personal comijounication 

Since 1976 there has been a surplus of artificial 

clearings. However. until 1978 the surplus had 

been small and the clearings were not very large 

With the advent of commercial harvesting. the 

clearings became more numerous and larger 
+ 

(Fig. 2). Many different age classes. shrub types, 

BEST BOCUUENT AVAILACL 



Table 3. Data on courting male woodcock use of clearcuts in a 1.200-ha hardwood stand 
at Mooschorm National Wildlife Refuge. 

110 

No. of dearcuts* In entire 

Year in hardwood stand refuge (no.) 

1974 0 

1975 4 

1976 ll 72 

1977 18 6) 

1978 2) 64 

1979 Ww GT 

1980 45 66 

Courting male woodcock 

l sing Clearcuts 

In hardwood stand in hardwood stand 

No “a No 

y (0)) 

5 3 (20) 

12 (17) 6 (WO) 

§ (12) 5 (63) 

10 (16) 3 (DO) 

12 (18) 10 (3) 

16 (24) 14 (SS) 

“Only clearcuts less than 3 vears old are considered as suitable courting areas 

and moisture gradients were crossed by the com- 

mercial cuts, resulting in an increase of the prob- 
ability that a given clearing would provide the 

correct physiographic and vegetative parameters 
to attract courting males. 

From 1976 through 1979. 179 courting males 

were captured throughout the refuge. The age 
structure of all males caught on clearings that 

were less than | year old was independent of the 

age structure on traditional singing grounds and 

older clearings (X*, df=1, P < 0.05). Second- 
year (SY) males were predominant on the new 

clearings and after-second-year (ASY) males on 

the other areas (Table 4). The age structure of 

the subdominant male population is probably 

similar to that of males on the new clearings. In 

fact, there was no difference between the age 
structure of subdominant males captured in sing- 

Fig. 2. Commercial forest harvesting at Moosehorn National Wildlife Refuge provided numerous clearings which 

crossed a variety of age classes, shrub types, and moisture gradients 
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Table 4. Age distribution of courting males on established singing grounds and newly created 

On established 

No. of courting males captured — oe 

In clearings less 

singing grounds (1976-79), Moosehorn National Wildlife Refuge. 

No. of subdominant 

___ Singing grounds __ than ivyearold smalls captured» 

Age Now % No No. _ 
ASY 82 (55) ll (35) 2 (15) 

SY” 66 (45) (65) lL (85) 

*ASY = after second year: SY = second year. 

ing grounds and that of dominant males caught 
in first-year cuts (X*, df=1, P < 0.10). If the 
clearings had not been made available, these dom- 

inant birds would probably have been non- 
breeders. If courting males had simply shifted 
their singing grounds from an established (but 
marginal) area to a new, more attractive clear- 

ing, then the age structure of males on the two 
different areas would have been similar. 

Fourteen active singing grounds were burned 
during the peak of courtship activities. Despite 
the great change in the character of the area 
caused by the fire, courting males continued to 
use the area without exception. This persistence 

suggests that the exact nature of the courtship 
area may not be as important as other surround- 
ing characteristics. Whitcomb (1974) suggested 
that the quality of the brood habitat surrounding 
a clearing may influence the use of that area. 

Nocturnal Cover Management 

Commercial Blueberry Management 

Summer roosting activities of woodcock 

increased in all fields the summer of the burn 

(Table 5). Woodcock use in 1977 was greater in 

Field 1 than in nearby Field 10, which had not 

been burned. Field 10 was burned in 1978 and, 
as a result, woodcock activity there surpassed 
thai of Field 1 (Wilcoxin test, P < 0.05). 

Woodcock use of Field 36 increased in the year of 
the burn (« = 0.42 woodcock captures per net), 
but decreased the summer after the burn 

(x =0.12 woodcock captures per net; t-test, 

df=7, P < 0.05). A nearby unburned field 
showed no change in use during the same two 

years. Use of Blueberry Field 7 was greater in 
1978, the year of the burn, than in 1977 (Wil- 
coxin test, P < 0.05). 
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Woodcock preferences probaly changed be- 
cause of the effects of the fire on vegetation. In 
the absence of fire, blueberry plants become 
bushy, with an individual plant covering a rela- 
tively large area. A spring or fall fire will prune 
the blueberry plant to the ground. The first 
year’s growth is predominantly vertical, with lit- 
tle lateral branching and, as a result, the field is 
more open even though the fire also stimulates 
additional blueberry sprouting. The amount of 
bare ground varied from 3.7 to 8.4% the summer 
before burning. Between 21 and 29% of the 
fields were bare ground the summer of the burn, 
but in the following year the amount of bare 
ground decreased to its preburn level. The 
amount of area covered by blueberry plants was 
at its minimum the year of the burn. 

Sweet fern (Myrica asplenifolia) was common 
in Field 36. One year after burning, sweet fern 

Table 5. Capture rate of woodcock by mist net- 
ting on two blueberry fields which were sub- 
ject ta spring burning on alternate years, 
Mooschorn National Wildlife Refuge. 

Date Number of woodcock captures per net 

1977 Burned /field 1 Control/field 10 
12-14 June U.18 0.12 
23-28 June 0.32 0.06 

4-6 July 0.26 0.06 

10-14 July 0.48 0.12 

17-19 July 0.13 0.12 

1978 Burned field 10 Control ‘jieid 1 

12-14 June 0.06 0.13 

20 June 0.50 0.32 

23-28 June 0.44 0.36 
4-6 July 0.38 0.05 

10-14 July ().88 0.59 
17-19 July 0.18 0.05 
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Table 6. Number of woodcock observations on 
blueberry fields and adjacent clearcut areas 
in 1979, Moosehorr National Wildlife Refuge. 

_Number of observations ha_ 

__ Field 1 Field 10 Field 39 

field , 17.7 15.7> 3.4» 

Adjacent dearmg 10.8# 45.5% 16.2 

“Broadcast burned June 1979. 

>Chi-square analysis indicated different capture ra‘+s 
in established blueberry fields and adjacent clearings. 

covered 34% (31 stems/m*) of the burned portion 
of the field, compared with only 11% in the un- 
burned area (6.5 stems/m?). When sweet fern be- 

comes this abundant, woodcock use of a field is 

minimal. Continued burning would probably 

further stimulate sweet fern growth and make 

the field virtually unusable by woodcock the year 
after the fire. 

Enlarged Temporary Summer Fields 

Roosting woodcock preferred clearings cut 
adjacent to summer fields in which the slash had 
not been broadcast burned (Blueberry Fields 10 
and 39). In established blueberry fields and in 
the clearing that was broadcast burned, usage 
was lower (Table 6; X*, P < 0.05) than in areas 

where slash had not been burned. Slash loads on 
Fields 10 and 39 were 26.8 and 18.3 t/ha, respec- 
tively. The slash load in Field 1 was 23.3 t/ha be- 
fore burning, but only 8.3 t/ha after the fire. 
Throughout the clearcut areas there were numer- 

ous scattered slash-free pockets where the wood- 
cock roosted. Such areas probably provided more 
security than the open blueberry fields and the 
burned slash areas. 

Conclusions and Recommendations 

The initial increase in woodcock abundance 
after strip clearcutting through diurnal covers 
demonstrates both the potential and the need for 
continued habitat management of such areas. A 

20- to 25-year rotation, as suggested by Liscinsky 
(1972) and Sepik et al. (1977), would maintain a 
cover at its optimum. Strips clearcut every 4 

or 5 years should provide singing grounds, 
most of the cover should remain at its peak po- 
tential for woodcock use, and a drop in use like 

that seen in Diurnal Cover 5 would probably not 
occur. To obtain the rapid alder growth exhib- 
ited in Diurnal Cover 5, cutting during the dor- 
mant season would be necessary, and the cover 
must be located on good soils. 

Apparently, some subtle difference exists be- 
tween forest openings. Some clearings are never 

assed by courting males, while others are used 
year after year. Therefore, numerous clearings 

are necessary t~ realize the full courting-male 

potential of an area. Short rotation times, with 
the cutting operations spread evenly over the ro- 
tation period, would be desirable and should 
provide an ample supply of singing grounds. 

However, even if these conditions cannot be met, 
the singing grounds should be maintained. Spo- 

radic cutting, long rotations, or small-scale har- 

vesting would not provide enough usable clear- 
ings each year. In most instances, sprout growth 
would render a clearcut unsuitable for use as a 

singing ground after only 3 or 4 years. 

Among the preferred summer roosting areas 

for woodcock in the Northeast are blueberry 

fields. In Washington County, Maine, more than 

4.400 ha of commercial blueberry fields are 

burned each year in the spring or fall to prune 
and prevent diseases (Amr Ismail, personal com- 
munication). Most fields are burned every other 

year and produce a crop the second year. Because 
a given field yields a cash crop only once every 

2 vears, most growers burn only half their acre- 

age each year. In the present study, we found 
that blueberry fields which had recently been 

burned were favored by woodcock over nearby 
unburned areas. Commercial blueberry manage- 

ment dictates burning every second vear. This 
practice, however, depletes the fuel supply, and 
commercial growers must either use specially de- 
signed propane or fuel-oil burners, or spread hay 
over the field to serve as a fuel source. This pro- 
cedure is very labor intensive and expensive and 
would not be feasible if a field were to be main- 

tained only for woodcock. A more appropriate 
strategy would be a burning rotation of 3 or 4 

years, during which time enough fuel should 
have accumulated to make broadcast burning of 

the fields relatively cost effective. 

Roosting woodcock showed a preference for 

clearcut areas with no slash treatment over the 

adjacent blueberry fields. Slash removal is there- 
fore probably not necessary if an area is being 
cleared to create a summer roosting area. How- 

ever, if the slash load is heavy, directional felling 
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may be necessary to provide the scattered open- 
ings in the slash that are preferred by the birds. 
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Breeding Woodcock Use of Manipulated Forest-Field Complexes 
in the Aspen Community Type! 
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Abstract 

We examined 23 aspen (Populus tremuloides) community habitat complexes in 

northern Michigan to determine usage by breeding woodcock (Philohela minor) relative to 

forest-field interspersion and food availability. We located 32 solitary birds and 31 broods 
during 78 h of daylight searching during the two years. Singing-male woodcock used 17 

and 20 of the habit .ompiexes in 1978 and 1979, respectively. Three of the habitat com- 
plexes were not used at all during the study. Within habitat complexes, the between-year 

use by singing males and by solitary birds was much more consistent than use by broods. 

In 1979, a significant correlation existed between the number of broods using the habitat 

complexes and the number of singing-male woodcock. The most consistently significant 

relation existed between broods and earthworm abundance. The number of discrete 

openings and the abundance of earthworms were weakly correlated with the number of 

displaying males. Management considerations are discussed. 

Researchers have long recognized that wood- 
cock habitat includes a forest and a field compo- 
nent during both breeding and nonbreeding sea- 

sons (Pettingill 1936; Mendall and Aldous 1943: 

Blankenship 1957). In recent years considerable 
information has accumulated coacerning the 

preferred structural elements of singing grounds 

(Maxfield 1961; Liscinsky 1972; Wishart and 
Bider 1976) and diurnal cover (Bourgeois 1977: 

Dyer and Hamilton 1977: Kroll and Whiting 

1977; Rabe 1977). To apply this information 
effectively, we also need to understand how bird 
use relates to spatial associations of (hese habitat 
components. The objective of the present study 
was to investigate breeding woodcock response to 
variations in the interspersioa of singing-ground 

and diurnal habitats. 

‘Michigan Agricultural Experimental Station Journal 
Article No. 9570. 
2Present Address: 170 Dana Bldg.. School of Natural 
Resources, The University of Michigan, Ann Arbor. 
Michigan 48109. 
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Methods 

The Habitat Complex 

Our study was done within relatively homoge- 

neous aspen plant communities of the Houghton 
Lake State Forest in the northern lower penin- 
sula of Michigan. The sapling-size age class of 

aspen was selected because it is a preferred 
diurnal cover in that region (Blankenship 1957; 
Rabe 1977). A habitat complex was defined as 

the total area of a clearing, or cluster of clear- 

ings, plus a 50-m strip of surrounding aspen habi- 
tat (Fig. 1). Diurnal cover was limited to this 

amount based on results of Bougeois (1977) and 

Rabe (1977). who found that more than 90% of 

all diurnal contacts with woodcock (including 

nests, broods, and males) were within 50 m of a 

clearing. 

We selected 23 habitat complexes for the 
present study. Areas were rejected if any other 

clearings were within 150 m of a defined com- 

plex. All clearings used in this study were me- 
chanically created by using a rolling chopper to 
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Fig. 1. Diagramatic representation of forest-field com- 
plexes with one (A) and three (B) discrete openings 
(see text for definition). The dashed line indicates the 
area of diurnal habitat included in each complex. 

remove trees and destroy root systems. Five of the 

clearings were created in March 1978 and had 
only sparse plant cover during the study. Of the 
remaining clearings, 12 were created 3-4 years 
before the present study and planted to rye grass 
as part of a deer management program, and 6 
were 8-10 years old and dominated by natural 
grasses and scattered shrubs, primarily sweet 
fern (Comptonia peregrina). 

Variables measured for each habitat complex 
included size, shape, and number of clearings, 
and the amount of aspen (Table 1). Shape (S) 
was calculated as a ratio between the length of 
the perimeter of a clearing (L) and the circum- 
ference of a circle of equal area (A) and is based 
on a shoreline development formula presented by 
Wetzel (1975): S = L/2/xA. Discrete openings 
were defined as clearings larger than 0.1 ha that 
were individually isolated by a barrier of aspen 
trees (Fig. 1). Area and perimeter measurements 

were taken from aerial photographs using a com- 
puter digitizer. 

Measurement of Soil and 
Earthworm Abundance 

Food availability is an important component 
of habitat not easily controlled in experimental 

Table 1. Mean and range of variables measured 
for each of the 23 habitat complexes to be 

evaluated relative to woodcock usage. 

Variable Mean Range 

Area of aspen habitat (ha) 3.7 0.9-14.0 

Area of clearing (ha) 25 0.1-10.9 

Number of discrete openings 2.3 1 -5 

Shape of Clearing 3.3 1.l- 3.4 

“Based on a formula for shoreline development by 
Wetzel (1975). 

field studies. Therefore, earthworm abundance 
and soil moisture were monitored for possible in- 
fluence on woodcock use of the habitat com- 

plexes. Sinve most feeding activity occurs in the 
diurna) nabitat (Miller 1957; Dyer 1976), nine 
samples were collected at random locations ir. 
the aspen portion of each complex during May of 
both years. Earthworm abundance was meas- 
vred in 0.25-m? plots using a formalin extraction 
technique (Reynolds et al. 1977). Soil moisture 
determination was made at the same site by a 
gravimetric method (percent moisture by 
weight). Soil moisture and earthworm abun- 

dance values were averaged for the analyses of 
each habitat complex. 

Woodcock Use 

Measurements of woodcock use included an 
evening census of singing males and diurnal 
searches of the surrounding aspen habitat with a 
pointing dog to locate broods and solitary birds. 
Singing-ground counts were done twice each 
year between 25 April and 15 May. Starting time 
and weather conditions for censusing followed 
guidelines established by ihe U.S. Fish and Wild- 
life Service which are based on studies by West- 
fall (1954), Blar«enship (1957), Goudv (1960), 
and Duke (1% . The average of the two cen- 

suses was used in comparisons with other bird 
uses and habitat variables. 

Three diurnal searches of the habitat com- 
plexes were made each year during the major 

hatching period, 1 May to 7 June. Searching was 
discontinued during rainy periods or when ambi- 
ent temperatures exceeded 27° C, conditions 
that would impair a dog’s ability to locate wood- 
cock. An attempt was made to standardize 
searching effort among habitat complexes. Total 
contacts with broods and solitary birds for the 
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Table 2. Maximum number of active singing 
grounds based on two censuses and total num- 

ber 1.» solitary birds and broods found during 
39 h of searching cach year (The value in 
parentheses is the percentage of the 23 habitat 

were correlated (r = 0.48 and 0.44, respectively), 
and in 1979 the number of singing males was cor- 
related with the number of broods using the hab- 
itat complexes (r = 0.54). Brood use in the two 
years was not significantly correlated (r = 0.20). 

complexes used by woodcock.) A fourth significant correlation between singing 

males in 1°78 and solitary birds in 1979 has little 
Wondcack we 1978 tin biological value. 
Singing male 26 (74) 35 (87) 

Solitary birds 18 (39) 14 (35) 
Broods 10 (26) 21 (43) 

three searches were used in comparisons with 
other variables. When possible, all members of 
broods were banded to avoid recounts. 

Results 

Woodcock Use of Habitat Complexes 

Observed numbers of singing male woodcock 
and of broods increased between 1978 and 1979, 
whereas contacts with solitary birds declined 
slightly (Table 2). Similar trends were also docu- 
mented for the percentage of habitat complexes 
used by woodcouck for these activities. The great- 
est change between years occurred in brood 
usage, where equivalent searching effort resulted 
in almost twice as many brood contacts in 1979. 

Correlations between singing-male, solitary- 
bird, and brood use of the habitat complexes for 
1978 and 1979 produced four staxistically signifi- 
cant associations (Table 3). For the two years, 
the number of singing males and solitary birds 

Woodcock-Habitat Relations 

Soii moisture and earthworm abundance in- 
creased siightly from 1978 to 1979 (Table 4). Al- 
though yearly averages of earthworm numbers 
did not change, numbers within sor - individual 
habitat complexes fluctuated. 
Correlations between woodcock use and habi- 

tat variables produced few significant essocia- 
tions (Table 5). The number of broods using a 

habitat complex was correlated with earthworm 
abundance in both years and with the area of 
clearing and aspen in 1978. Although solitary 
birds correlated with area of clearing in 1978, 
this relation was not exhibited in 1979. None of 
the correlations between singing males and habi- 
tat variables were significant. 
The potential impact of the different ground 

covers in the clearings on woodcock use was also 
evaluated. Numerical comparisons showed that 3 
of 5 bare-ground, | of 12 rye grass, and 2 of 6 
shrubby clearings were not used in 1978; each 
type of cover had one fewer unused habitat com- 
plex in 1979. These differences in use of clearings 
by singing males based on cover type were not 
statistically significant. 

Table 3. Correlations between woodcock use of the habitat complexes by year (n = 23). 

Singing males Solitary birds Broods 

Woodcock use 1978 1979 1978 1979 1978 1979 

Singing males 
1978 1.0 

1979 0.48" 1.0 

Solitary birds 

1978 0.25 0.23 1.0 

1979 om 0.20 04 1.0 

Broods 

1978 0.21 0.24 0.01 0.05 1.0 

1979 0.41 0." 0.16 0.25 0.20 10 

*Significant at P < 0.05. 
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Table 4. Average and range (in parentheses) of soil moisture and carthworm abundance and 
biomass for all habitat complexes (n = 23) by year. 

Earthworms/0.25 ‘a’ plot 

Year Soil moisture (%) | Numbe- 7 _ Biomass (mg) 

197% 12.5 (7.3-24.1) 2.67 (0-13.0) 540 (0-4.190) 

_ 1979 16.7 98.7-32.1) 2.87 (0-17.2) 480 (0-4.079) 

Table 5. Correlations between woodcock use and habitat variables by year (n = 23). 

Singing males _ Broods Solitary birds 

Habitat variables i978 1979 1978 1979 1978 1979 

Area of aspen habitat (ha) 0.30 0.02 0.47" 0.17 0.26 0.06 
Area of clearing (ha) 0.0 0.01 0.37" O01 0.45° 0.17 

Number of discrete openings 0.35 0.28 0.20 O11 0.32 0.09 
Shape of clearing 0.21 0.27 0.11 4.14 4.09 0.16 
Number of earthworms 0.19 0.29 0.35" 0.35° 4.06 0.06 

Soil moisture 07 0.15 4.19 0.07 -).09 0.13 

*Significant at P < 0.10. 

of clearings suggests that visual isolation is im- 
portant in the selection of singing grounds. 

Male Woodcock Wishart and Bider (1976) noted frequent 

The high degree of fidelity to singing grounds 
by male woodcock that we observed is well docu- 
mented (Sheldon 1967; Liscinsky 1972; Whit- 
comb 1974). The between-year correlation of 

singing males reported in this study (r = 0.48) 
would probably have been higher had it not been 
for the nine new singing grounds that were estab- 
lished in 1979 on seven habitat complexes. We 
have no data to indicate that these increases are 
the result of population changes in the area, nor 
can the increases be accounted for by a lag re- 
sponse to the clearings created in 1978. 

Singing male woodcock adapt to a wide vari- 
ety of vegetative structures in the clearings. Ob- 

servations during the present study indicated that 
in the bare-ground and rye clearings, males had 

a tendency to select singing sites close to aspen 
edges, whereas in clearings with scattered 
shrubs, singing sites were located throughout the 
openings. Wishart and Bider (1976) believe 
shrubs offer predator protection for displaying 
males. In open fields, the proximity of singing 
sites to edges of clearings may be one way wood- 
cock compensate for lack of shrubby cover. The 
greater association of singing males with the 
number of discrete openings versus the total area 
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aggression between territorial males not isolated 
by a structural barrier. Maxfield (1961) found 

that minimum size of a singing field was related 
to the height of surrounding vegetation. 

The weak correlation between singing and sol- 
itary birds in both years, and the relat‘vely small 
number of diurnal contacts, suggest that singing 

males in the present study often did not use adja- 
cent aspen habitat as diurnal cover. In contrast, 
Mendall and Aldous (1943) and Sheldon (1967) 
documented numerous instances where diurnal 
cover wa: immediately adjacent to singing fields 
and maies walked to courting sites. 

Broods 

Current methods for evaluating woodcock 

population trends are based on censuses of sing- 
ing males (Artmann 1977) and depend on the 

assumption that the proportion of displaying 
males in the population is constant through time 
and under differing habitat conditions. Although 
support for the assumption is limited, the corre- 
lation we observed in 1979 between singing 
males and broods using the same habitat complex 
provides indirect supporting evidence. Lack of 
significance for the same correlation in 1978 was 
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partly due to the smaller sample size. Additional 
supporting evidence has been reported by Whit- 

comb (1974), who found a correlation between 

the numbers of singing males and the total spring 

male population on High Island, Michigan, as 
derived from summer mist-net data over a five- 
year period. Because of the lack of sufficient field 

data to support the assumption that singing 

males are proportional to breeding population 
levels, Godfrey (1975) recommended abandon- 

ing singing-ground censuses in favor of other sur- 
vey methods. Although singing-ground counts 

are an efficient means of censusing, additional 

research is needed to verify that a constant pro- 

portion of males in a population display. inde- 
pendent of changing habitat conditions and pop- 

ulation density. 

The association between woodcock use of hab- 

itat and earthworm abundance has long been 

suspected. Not until recently, however, has a 
strong dependency been demonstrated by Rey- 
nolds et al. (1977). The significant correlation 

between brood use and earthworm abundance 

found in our study supports their findings; male 
usage had a much weaker correlation to earth- 
worm abundance. We suspect that when females 
are caring for broods, they spend a greater 
amount of time in feeding areas because of their 
necessarily restricted mobility. 

The importance of earthworms in a habitat 

complex is further emphasized by the fact that 
the three habitat complexes never used by wood- 
cock were devoid of earthworms, based on our 
sampling. The average number of earthworms 
per plot for habitat complexes used by woodcock 
in this study are in the same range as those re- 

ported by Reynolds et al. (1977) for woodcock 
habitat in Maine. 

Management Censiderations 

Enough studies have been done on woodcock 

habitat preference so that we can begin to 
develop conceptual models to guide management 
practices. Habitat requirements of breeding 
woodcock can be grouped into three major com- 
ponents: food, diurnal cover, and singing 

grounds. By using the range of suitable condi- 

tions for each of these components as an indicator 
of their importance, we felt the following rank- 

ings to be appropriate: 

Food > diurnai habitat > singing-ground 

habitat. 

Also, since areas used as singing grounds are fre- 

quently used for summer roosting fields (Whit- 

comb 1972; Wishart and Bider 1976), the model 

probably can be applied to the postbreeding sea- 
son as well. 

Food habits analyses (Aldous 1939; Sperry 

1949; Glasgow 1958; Dyer 1976) have shown 
that earthworms are the primary food in the 
woodcock diet. Reynolds (1977) found that only 

three species of earthworms are commonly eaten 
by woodcock. This high degree of specialization 
limits the woodcock to habitats that can support 
suitable and sufficient earthworm populations. 

Data from Reynolds et al. (1977) suggest that a 
strong association exists between community 

tvpe and earthworm abundance because of dif- 

ferential palatability of the leaf litter, with aspen 

and alder being the most preferred species (Rey- 
nolds and Jordan 1975). 

Diurnal habitat requirements are somewhat 
broader than food requirements. This conclusion 
is supported by the wide range of woodcock-asso- 
ciated vegetation types that have been reported 
(Sheldon 1967; Wenstrom 1973). More recently, 

structural analyses (Bourgeois 1977; Kroll and 

Whiting 1977; Rabe 1977) have suggested that 
understory features are better indicators of diur- 

nal habitat suitability than species composition. 
Even from a structural standpoint, however, 
diurnal habitat requirements are fairly general. 

Although the literature describes a variety of 
singing-ground habitats (Maxfield 1961; Sheldon 
1967), studies have generally been unsuccessful 
in predicting their use on the basis of structural 
or species composition. Bennett et al. (this 
volume) found that adjacent diurnal communi- 

ties were a better predictor of use than any fea- 
ture within a clearing. Scattered shrubby fields 

seem to be preferred (Sheldon 1967), but wood- 
cock will use practically any opening if there is 
euough area to take off and land. These data 

indicate that singing grounds have the most gen- 

eral requirements of the three components. 
Our model suggests that selection of sites to be 

managed for woodcock should consider food 
availability as the top priority, then diurnal hab- 

itat, and finally the characteristics of the singing 

ground. Attempts to manipulate earthworm 
populations in the field would be unrealistic, vet 
habitats suitable for earthworms can easily be 
manipulated using normal forestry practices to 

produce desirable diurnal and singing-ground 
habitats for woodcock. 
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Use of Longleaf Pine Stands by Woodcock in Southern 
Alabama Following Prescribed Burning 

by 

Randall C. Johnson and M. Keith Causey 
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Auburn, Alabama 36849 

Abstract 

During the winters of 1979 and 1980, we compared the abundance of American wood- 

cock (Philohela minor) among longleaf pine (Pinus palustris) stands in the Conecuh Na- 

tional Forest of south-central Alabama. Stands were grouped accordiug to the length of 

time since their last prescribed burn. Three groups of stands were compared in 1979: those 

burned during the winter of study, and those burned | and 2 years before the study. Six 

groups of stands were compared in 1980: those burned during the winter of study: those 
burned 1, 2, 3, and 10 years before the study; and unburned control stands. 

Wocdcock abundance for both years was found to be significantly higher (P < 0.05) in 

stands burned during the winter of study than in stands burned 2 or more years before the 

study. In 1980 woodcock abundance was also significantly higher (P <0.05) in stands 

burned | year before the winter of study than in those burned 2 or more years before the 

study. 
Ground-cover density appeared to be the most important variable among the burned 

longleaf stands. Ground cover was very dense in stands burned 2 or more years before the 

winter of study (>80%), whereas in stands burned more recently, ground cover was 

<50% . Total soil invertebrate abundance did not differ among stands, regardless of time 

since the last prescribed burns. 

Fecent woodcock (Philohela minor) research 

i. the Southeast has emphasized quantification 
of the habitat requirements of this species in 
attempts to develop practical management pro- 
grams. Initial studies in Alabama have helped 
define the structural characteristics of diurnal 
and nocturnal habitat (Horton and Causey 1979) 
and of nesting habitat (Roboski 1979). To date, 

however, few studies have dealt with the impact 
of current land-management practices on this 

Prescribed burning, a popular forest and wild- 
life management practice in the South, is fre- 
quently used in and around potential woodcock 
habitat in Alabama. Although nocturnal use by 
woodcock of burned areas has been reported 
(Glasgow 1958; Edwards and Ellis 1969; P. J. 
Mathews, unpublished data), no information is 

available on the effect of fire on diurnal habitat 
use. 

The present study was conducted during the 
winters of 1979 and 1980 to evaluate the effect of 
prescribed burning on wintering woodcock in the 

Conecuh National Forest of southern Alabama. 

We compared diurnal woodcock abundance 
among stands of longleaf pine (Pinus palustris) 
that varied in the length of time since their last 

prescribed burn. Quantitative comparisons of 
vegetation structure (plant nomenclature follows 
Radford et al. 1968) and of the abundance of soil 

invertebrates were also made. 

Study Areas 

In 1979, work was conducted exclusively on 
the Conecuh National Forest (CNF). Additional 

areas located on the Solon Dixon Forestry Educa- 
tion Center (SDFEC) were included in 1980. 

The CNF lies in the Middle Coastal Plain 
Province (Hodgkins et al. 1979) of extreme south 
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Alabama in Covington and Escambia counties. 

Topography is gently rolling to hilly and soils are 
deep, with sandy surface layers (Hajek et al. 

1975). Upland wooded sites are dominated by 

longleaf pine, with open midstories composed 
primarily of flowering dogwood (Cornus florida) 

and longieaf pine. The most common understory 
plant is gallberry (/lex glabra), and the most 

common ground cover species are wire grass 
(Aristida stricta) and broom sedge (Andropogon 
spp.). 

The CNF is managed primarily for the pro- 
duction of longleaf pine sawtimber. Prescribed 
burning is used for competition control, site 

preparation, access improvement, hazardous fuel 

reduction, disease control, and wildlife habitat 
improvement. On the average, stands are burned 
once every 3 vears during late fall and early 
winter. 

The SDFEC is adjacent to CNF in northern 

Covington and Escambia counties and is main- 

tained by Auburn University. We used unburned 

portions of the longleaf pine stands managed for 
turpentine production in this area as control 

stands. Trees in these stands averaged 45 years 
old and have always been protected from fire. 
Vegetation components, soil characteristics, and 

physiographic features were similar to those on 
the CNF. 

Methods 

Selection of Study Units 

United States Forest Service records were used 

to group longleaf pine stands on the CNF accord- 
ing to the number of vears since their last pre- 
scribed burn. Stands representing three burn 

groups were studied in 1979: those burned dur- 
ing the winter of study, and those burned 1 year 

and 2 years before the study. In 1980, stands 
representing six burn groups were studied: those 
burned during the winter of study, 1, 2, 3, and 
10 years before the study, and stands on the 
SDFEC that had never been burned (control 
group). The average age of the trees in these 

stands was 40 + 7 years; basal areas averaged 

16 m*/ha. Stands subjected to cutting or thinning 

operations within 12 months and grazed stands 
were excluded from study. In 1979, two stands in 

each burn group were selected for study. In 
1980, three stands in each burn group were 
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selected, with the exception of the 10-year-burn 

group, for which only two stands were available. 

Census of Woodcock 

Census of woodcock was conducted along 
500-m line transects in each stand (two per stand 
in 1979, three per stand in 1980). Each transect 
was located by randomly selecting a starting 
coordinate corresponding .o 1l-m increments 
along the boundary roads connecting two stands. 

Transects were oriented across contour lines to 
prevent land-feature bias, and no two transects 
were allowed to intersect. 

Beginning in January of each study year, 
woodcock were counted along each transect, us- 
ing a trained pointing dog. Four weekly censuses 
were made in 1979, six in 1980. The dog was 
allowed to hunt away from the transect only as 
far as he could be effectively controlled by the in- 
vestigator. Birds pointed by the dog were flushed 
by the investigator and their direction of flight 
and landing spot noted to prevent recounting. 
The flush site was marked and the right-angle 
distance from the flush site to the transect line 
measured. Because these data were to be used as 
indices of comparison, the following formula 
(Leopold et al. 1951) was used to calculate the 
number of woodcock per hectare: woodcock/ha 
= F x 10,000/2Ld, where F = number of 

woodcock flushed, L = length of the transect 
(m), andd = mean right-angle flush site distance 

(m). A least-squares analysis of variance was per- 
formed on these data, and the numbers of wood- 
cock per hectare were compared among burn 
groups by Duncan's multiple-range test (alpha = 
0.05). 

Sampling of Soil Invertebrate Populations 
and Vegetation Structure 

During the winter of 1980, soil invertebrate 

populations in each stand were sampled for com- 
parison among burn groups. Each census tran- 

sect was segmented and numbered, and a sample 
site was selected from a random numbers table. 
Cylindrical soil plugs (7.62cm in diameter, 
10.16 cm deep) were then removed from flush 
sites and random points along the transects in 
each stand. An attempt was made to take equal 
numbers of soil samples from flush sites and ran- 
dom sites each week in each stand. Invertebrates 
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Table 1. Mean number of woodcock per hectare*” (SEM given in parentheses) in longleaf pine 
stands that varied in length of time since their last prescnbed burn, winter 1979 and 1980. 

Length of time since last prescribed burn 

Year of Winter of 

stud, study 1 vear 2 vears 

1979 0.55 x 0.08 xy 0.01 
(0.19) (0.08) (0.01) 

N = 16 N = 16 N = 16 

1980 0.26 x 0.10 y 0.04 z 
(0.04) (0.02) (0.01) 

N= N= N= 44 

“Woodcock ha = number of flushes x 10,000/2Ld. where L. = length of transect (m) andd = mean right-angle 

flushing distance (m) from transect. 

3 years 10 vears Control 

0.01 z 0.04 z 0z 

(0.01) (0.01) 

N= N = 36 N= 4 

'Means on same line with a common letter are not significantly different (P > 0.05, Duncan's multiple-range test). 

°N = number of censuses x number of transects. 

were removed from soil samples in the field and 
placed in vials containing 10% formalin for pres- 
ervation. Insect larvae were identified according 
to Peterson (1960, 1962). 

The composition and structure of two vegeta- 
tion strata in the stands were analyzed. Percent 
ot ground covered by standing vegetation less 
than 0.3 m tall and percent of ground covered by 
leaf litter were visually estimated in 4-m? circu- 
lar plots. Stem counts for vegetation more than 
0.3 m tall but less than 2 m tall (shrub stratum) 

were also made in 4-m? circular plots. These 
plots were randomly located along each transect 
in each stand. 

A least-squares analysis of variance was per- 
formed on invertebrate and vegetation data, and 

means were compared among burn groups by 
Duncan's multiple-range test (alpha = 0.05). 

Results 

Woodcock Use of Burned Stands 

In 1979 and 1980, significantly more wood- 

cock (P< 0.05) were found in stands burned dur- 

ing the winter of study than in stands burned 2 or 

more years before the study (Table 1). In 1980, 
significantly more woodcock were also found in 

stands burned | vear before the winter of study 

than in stands burned 2 or more years before. No 

woodcock were found on any of the transects in 

the control stands. Systematic searches made in 

all control stands to verify the results of the 
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transect censuses flushed only ene woodcock. 

On a few occasions, when stands burned the 
winter of study were being censused, a woodcock 

was known to have moved before being flushed. 

On these occasions the observation for that bird 

was omitted, resulting in negatively biased data 

for this burn group. We believe this did not cause 
a problem because it happened very infre- 
quently, the number of woodcock in these stands 

was significantly greater than in the other burn 

groups in spite of this bias, and these data were 
used only as indices of comparison. This bias 

should be considered in future studies, however, 

because it could cause a problem in subsequent 

data analyses. 

Soil Invertebrate Abundance 

Soil invertevrate samples were taken from 61 

flush sites and 80 random sites for comparison 
among burn groups. Specimens were found 
representing seven major invertebrate groups: 
earthworms (Annelida), centipedes (Chilopoda), 

snails (Gastropoda), spiders (A:achnida), and 

three insect orders: Coleoptera, Hymenoptera, 
and Diptera (Table 2). No significant difference 

(P<0.05) was found in the total number of 

invertebrates among burn groups. Earthworms, 

recognized as a major woodcock food item (Shel- 
don 1967), were significantly less abundant in 

stands burned during the winter of study than in 
the 10-year stands. There were no differences in 
invertebrate abundance between samples taken 
randomly and those collected trom flush sites. 
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Table 2. Mean invertebrate abundance in soil samples** (SEM given in parentheses) in longleaf pine 
stands that varied in length of time since last prescribed burn, winter 1980. 

Length of time since last prescribed burn 

Winter of 

study 1 year 

Invertebrate group N = 3 N = 3 

Earthworm (Annelida) 0.44 0.06 yz 

(1.46) (0.31) 
Centipedes (Chilopoda) 0.08 vy 0.04 y 

(0.05) (0.04) 

Snails (Gastropoda) 0.06 s 0.04 y 

(0.06) (0.04) 

Spiders (Arachnida) 0.06 \ 0.04 y 

(0.04) (0.40) 
Coleoptera O.1l4y 0.13 yz 

(0.07) (0.07) 

Hymenoptera 0.08 v Oy 
(0.05) 

Diptera O17 s 0.04 5 
(0.26) (0.04) 

Total 1.03 y 0.91 y 
(0.26) (0.30) 

2 vears 3 vears 10 vears Control 

N= N= N = 21 N=24 

0.70 vz 0.82 yz 1.242 1.00 vz 

(0.36) (0.27) (0.47) (0.25) 

0.20 y 0.06 y 0.05 v 0.04 y 

(0.12) (0.06) (0.05) (0.04) 

0.05 5 0.06 y Ov 0. 

(0.05) (0.06) 

0.05 v Ov Ov Oy 

(0.05) 

0 yz 0.06 yz 0.10 vz Oz 

(0.06) (0.07) 

0.10 y 0.18 y Oy 0.04 y 
(0.07) (0.18) (0.04) 

Oy 0.06 y Oy Oy 

(0.06) 

Li0y 1.24 y 1.38 v 1.08 y 

(0.37) (0.40) (0.46) (0.25) 

#Mean number of invertebrates per 7.62 x 10.16-cm cylindrical soil sample (463.3 cm’). 

>Means on the same line with a common letter are not significantly different (P > 0.05, Duncan's multiple-range 

test). 

‘N = number of soil samples. 

Percent Ground Cover and 

Stem Densities 

The most abundant plant species found in the 
ground vegetation stratum were wire grass. 
broom sedge, and seedling longleaf pine. Mean 

percent of ground covered by standing vegeta- 
tion, leaf litter, total percent of ground cover, 

and total stem densities per hectare among burn 
groups are compared in Table 3. Mean percent of 
ground covered by standing vegetation did not 

differ significantly (P<0.05) among burn 

groups. 

The percent of ground covered by leaf litter 
differed significantly among burn groups (Table 

3). Litter cover was significantly less (P <0.05) in 

stands burned the winter of study (22%) and 1 

vear before the study (21%) than in stands 
burned 2 or more years before the study 

(>60% ), where the thickness of leaf litter layers, 

primarily pine needles, exceeded 5.1 cm. Total 
percent of ground cover (percent standing vege- 

tation + percent litter cover) was significantly 
greater (P<0.05) in stands burned 2 or more 

years before the winter of study (>80%; Table 

3). 
The shrub vegetation stratum contained pri- 

marily gallberry, yaupon (/lex vomitoria), wax 

myrtle (Myrica cerifera), longleaf pine, and Vac- 
cinium sp. Stem densities were significantly 
lower (P <0.05) in stands burned | year before 

the winter of study than in stands representing 
the other burn groups. This difference was 
apparently due to lower stem densities of gall- 
berry, the most abundant species, which were 
approximately half those in stands representing 
the other burn groups. 

Conclusions and Management Implications 

The preference of woodcock for recently 
burned areas found in this study may have been 

the result of variation in the density of the 

ground-cover stratum caused by fire. Longwell 

(1951) noticed that woodcock preferred a mini- 
mum of ground cover, regardless of community 

type or density of the shrub cover in Pennsyl- 
vania. Liscinsky (1972) described optimum 
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Table 3. Mean perce. * ground cover and mean stem* density per hectare” (SEM given in parentheses) 
in longl. af pine stands which varied in length of time since last prescribed burn, winter 1980. 

- Length of time since last prescribed burn 

Winter of 

study 1 year 2 vears 3 years 10 vears Control 

rr ttiissi(‘“N OE N = 27 N=27 N = 27 N = 18 N = 27 

Mean % ground covered by i4.1% 3.9 y 35.2 ¥ 19.3 y 16.7 ¥ 15.9 ¥ 

standing vegetation (3.9) (4.2) (5.3) (4.1) (5.6) (4.4) 

Mean % ground covered by 22.2 + W7y O72 42.92 (Az 6.97 

leaf litter (2.7) (1.3) (4.2) (4.5) (5.5) (4.5) 

Mean total % ground cover? 3.3 46.7 y 85.9z 82.22 Bl.ilz 81.92 
(3.4) (2.6) (2.8) (3.4) (4.1) (4.7) 

Mean total stem density 27.675 v 17,000 z 26.000 y 28.050 y 25.550 v 32.1500 y 

(3.998) (1,970) (3.472) (3,144) (4,248) (4.914) 

*Vegetation > 0.3 m tall but < 2 m tall. 

>Means on the same line with a common letter are not significantly different (P > 0.05, Duncan's multiple-range 

test). 

°N = number of 4-m’ plots sampled. 
“Total % ground cover = % standing vegetation + % leaf litter. 

woodcock habitat in Pennsylvania as having 

25% ground cover. He concluded that ground 

cover that was too dense might hinder feeding 
activity, regardless of the available food supply. 

L-mbert and Barclay (1975) found that 

ground cover on frequently used sites in Okla- 
homa averaged 25% . Wishart and Bider (1976) 

concluded that ground cover in Quebec needed 

to be at least 70% clear of matted vegetation and 

litter. Horton and Causey (1979) found that the 

ground covered by standing vegetation averaged 

47% in the diurnal habitat of woodcock in cer- 
tain areas of Alabama. 

All of these studies indicated that woodcock 
prefer fairly open ground-cover strata, 47% 
clear of vegetation. In the longleaf pine stands 

compared in the present study, the thick pine-lit- 
ter layers that accumulate 2 or more years after 
burning and the standing vegetation at ground 

level may have deterred woodcock movements 

and feeding activity, even though the availability 
of potential food items was the same as in 
recently burned stands. In fact, soil conditions in 

the stands we studied appeared to provide 
favorable conditions for availability of earth- 
worms to woodcock. Fayle (1961) reported that 

shallow-working earthworms thrive on acid 
soils, such as those associated with pine stands. 

Another factor, which was not directly meas- 

ured, may have been involved. Gallberry, the 
most abundant species in the shrub stratum, is an 

evergreen and has a dense foliage in the winter. 

In stands burned the winter of study, most of this 
foliage was removed by the fire, leaving naked 

stems. In stands burned | vear before the 

study, only half as many gallberry stems were 
present as in other burn groups, and conse- 
quently, foliage attributed to this species was less 
dense. This factor or ground cover alone, or a 
combination of stem density, foliage density, and 
ground cover may have been important. Other 
investigators have suggested compensatory rela- 
tions among structural components in woodcock 
habitat (Sheldon 1967; Horton and Causey 
1979). 

In summary, it appears that fire plays an 
important role by making an otherwise unsuit- 
able habitat attractive to woodcock. Although 
the scope of this study limits the inferences to be 
drawn, we have observed diurnal woodcock con- 
centrations on recently burned upland sites in 
other physiographic regions in Alabama. Similar 
studies in these regions are needed to broaden the 

knowledge of the effects of fire on woodcock hab- 
itat. 

The effect of fire on nesting activity is another 
aspect which should be considered. Sizeable nest- 
ing woodcock populations have been found in 
Alabama (Causey et al. 1974; Roboski 1979). 
The characteristics of burned sites do not appear 
to be compatible with nesting requirements 
reported by Roboski (1979). We believe, how- 
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ever, that prescribed burning has definite poten- 
tial as a woodcock habitat management tool, 
particularly in the Southeast. 
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Serum Protein and Cholesterol Levels as Indicators of 

Reproductive Activity in Female American 
Woodcock Overwintering in Alabama 

by 
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Abstract 

Seventy female American woodcock (Philohela minor Gmelin) were collected through- 

out Alabama from 10 December 1976 to 24 February 1977. Ovary weight and ovarian fol- 

licle diameter, levels of serum cholesterol and total serum protein, and the relation 

between these two blood variables and follicle development were measured. Means for 

ovary weight and follicle diameter for February were higher (P<0.05) than during 

December and January. The mean levels of serum cholesterol and total serum protein for 
February were higher (P< 0.05) than those for December but not for January (P>0.05). 

The positive correlations between total serum protein and follicle diameter (r = 0.77), 
serum cholesterol and follicle diameter (r =0.80), and total serum protein and serum 

cholesterol (r = 0.90) for February were higher (P< 0.05) than the respective correlations 

(r = 0.28, r=0.47, and r = 0.29) for the December-January period. The present investiga- 
tion indicated that some female woodcock were beginning sexual recrudescence while 

others remained quiescent during the “overwintering” period in Alabama. We suggest 
that total serum protein and serum cholesterol 'evels may be used as indices of female 
woodcock reproductive status, enabling separat on of breeding from nonbreeding living 

birds in the field. 

Little literature exists concerning the repro- 
ductive physiology of the American Woodcock 
(Philohela minor Gmelin), especially regarding 
breeding on the traditional “wintering” grounds. 

Recent investigations by Causey et al. (1974) and 

Ammann (1975), and observations by the authors 

indicate that breeding by woodcock overwinter- 
ing in Alabama is more intense and consistent 

than previously reported (Imhoff 1962; Sheldon 
1971), but that not all female woodcock become 

sexually active before spring migration. It would 

be desirable to know what portion of the over- 
wintering population actually breeds and nests 
on the wintering areas. 

Variations in blood constituents are often in- 
dicative of the reproductive status of vertebrates 
(van Thienhoven 1961); the present investigation 
was therefore initiated to define the range of spe- 
cific blood constituents of the female woodcock 

and to determine their relations to ovarian 
growth and follicle maturation during vitello- 
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genesis. The use of such data, taken from a ran- 
dom collection of woodcock, may enable identi- 
fication of the southern breeders. 

Increases in total serum protein levels parallel 
increases in serum estrogen levels during the 

breeding season in the domestic turkey (Meleag- 
ris gallopavo gallopavo) (Mukherjee et al. 1969) 

and in the eastern wild turkey (M. g. silvestris) 

(Martin 1976). Bell and McIndoe (1962) reported 

that plasma protein levels of the domestic hen 
(Gallus domesticus) peaked during the 10-day 
period preceding egg laying. Sturkie (1965) re- 
ported that serum cholesterol levels also increase 
as a function of serum estrogens and may be used 
as an indicator of ovarian follicle development 
and sexual recrudescence. Stammeler et al. 
(1955) reported noticeable elevations in plasma 
cholesterol levels of domestic chickens to which 
estrogens were administered. 

Our objective in the present study was to 

develop a simple technique for distinguishing 

a 



a 

breeding from nonbr_eding female woodcock as 

an indication of their reproductive status in Ala- 

bama without the necessity of killing any birds. 
We planned to accomplish this by quantifying 

levels of total serum protein and serum choles- 

terol of female woodcock for a pericd preceding 

and including the peak breeding season in Ala- 

bama and correlating these values with ovarian 

follicle development. 

Methods 

Representative counties from the major phys- 

iogiaphic regions of Alabama were randomly 

selected as collection areas. Sites that appeared to 

be favorable woodcock habitat were located, 
systematically searched with trained pointing 
dogs. and the woodcock flushed and shot. 

Secondary wing feather characteristics were 

used to age woodcock (Martin 1964). Specimens 

were separated into hatching vear (HY) and after 

hatching vear (AHY) age classes, with one modi- 
fication: birds collected after 1 January 1977 that 

still had HY plumage were classified as HY birds. 
Birds were collected from 10 December 1976 

through 24 February 1977. One of three methods 
was used to collect blood in 3-mL plastic vials. 
With birds not vet dead from gunshot, the right 

jugular vein was incised and the blood collected. 

With dead birds, either the neck was severed and 

the blood obtained from the jugular vein, or the 

thoracic cavity was opened, the major arteries 
and veins severed, the heart massaged. and the 

blood collected. All blood samples and woodcock 
carcasses were preserved in ice until they were 
taken to the laboratory for processing. 

Blood samples were centrifuged for 20 min at 
2.000 g and the serum removed and frozen in 
stoppered glass vials at - 10° C until analysis. 
The left ovary was removed, cleaned of excess 
tissue, fixed in 10% formalin for | week, and 

transferred to 70% ethanol. After 1 week, each 
ovary was blotted and weighed to the nearest 
0.01 mg. The diameter of the largest ovarian 

follicle was measured to the nearest 0.1 mm. 

Total serum protein levels were measured 

colorimetrically by a modification of the biuret 

method, using an Accu-Stat blood chemistry 

analyzer (Clay-Adams Co., Parsippany, N.J.). A 
-nl. serum sample from each bird was ana- 
lyzed in duplicate and the mean value recorded. 
A few samples, contaminated by hemolysis, were 
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corrected in the following manner. The percent 
hemoglobin in each sample was determined by 

sodium dodecyl sulfate (SDS) polyacrylamide gel 

electrophoresis (Jovin et al. 1964). The gels were 

prepared according to Laemmeli (1970), and the 
percent hemoglobin in each contaminated serum 
sample was subtractec from the total serum pro- 
tein values obtained with the Accu-Stat analyzer. 

Serum cholesterol levels were determined 
colorimetrically, using an Accu-Stat analyzer in 
a modification of the Lieberman-Burchard 
method. Duplicate 30-~L samples were meas- 
ured for each woodcock and the mean value 
recorded. 

Monthly means for all variables were calcu- 
lated and analyzed by using the F-max test and 
analysis of variance. Analysis of variance was 
also used to determine if significant differences 

existed between the two age clases within and 
among months for all variables. When signifi- 
cant differences were found, Duncan's msi" :;‘e- 
range test was used to locate these differences. 

All variables were plotted against each other 
and against time and were tested visually for 
linearity for the following periods: the nonbreed- 

ing portion of the collection period (10 December 
1976-31 January 1977), the breeding portion 

(1-24 February 1977), and the entire collection 
period. A sample correlation coefficient analysis 
was performed for all variables for the same 
intervals. The correlation coefficients for the 
breeding and nonbreeding periods were tested 
for equality of correlation acvording to Morrison 
(1976). The level of significance in all statistical 
procedures was accepted as being P < 0.05 (unless 
otherwise indicated). All statistical procedures 

were processed by using the statistical analysis 
system (SAS) of Barr and Goodnight (1976). 

Results 

Variable Analysis 

In all, 70 ovaries and 53 serum samples were 
collected. Mean ovary weights increased during 
the collection period (Fig. 1). Mean ovary 
weights (mg) for December (39.54 14.5), Jan- 

uary (84.66+13.8), and February (193.26 

+ 13.0) differed. There were no differences be- 

tween ovary weights for HY and AHY age 

classes, either within or among months. 

Mean ovarian follicle diameters increased 
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Fig. 1. Left ovary weights of individual female Ameri- 
can woodcock. 

from December through February (Fig. 2). 

Mean follicle diameters (mm) for December 
(0.8 + 0.16), January (2.1 +0.15), and February 

(3.00.14) differed. The mean follicle diameters 

for HY and AHY age classes were not different 
within or among months. 

Mean total serum protein levels (g/dL) showed 
increases from mid-January through February 
(Fig. 3). The mean total serum protein level for 
December (4.51 40.32) was lower than that for 

February (5.55+0.24), but not different from 
that for January (5.18+0.31). There were no 
dit, srences in total serum protein levels between 
HY and AHY age-class woodcock, either within 
or among montis. 

Increases in serum cholesterol levels (mg/dL) 

are apparent in the mid-January through Feb- 
ruary sample (Fig. 4). The mean cholesterol levui 

for December (188.864 10.1) was lower than 

that for January (237.7029.7) and February 
(245.04 +7.7). The mean levels for January and 
February were not different, and there were no 
differences between HY and AHY age classes 

within or among months. 

Correlation Analysis 

The relations among total serum protein, 
serum cholestero!, follicle diameter, and ovary 
weight are evident from the positive correlations 
among these variables for the entire collection 
period (Table 1). However, greater positive cor- 
relations are evident when the breeding and non- 
breeding portions of the collection period are 
compared (Table 1). The correlation (r = 0.77, 

P<0.01) between total serum protein and follicle 
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Fig. 2. Diameter of the largest ovarian follicle of indi- 

vidual female American woodcock. 

8- + OWE OBSV. 

| ° Pam eaee. . 
-_ . e an 

37+ ee = . 
o 
wo . 

ze+ ° 7 . 
oe «* . ° - . 

os+ - °° ; 

a . e *-. .° 
. , a e *e v 

Za+ . 
« s ° . 
ta . 
3+ 

~ 

< 
- 
° 
- BOETrorenreey en eLyT 

oO | J | F | 
1976 977 

Fig. 3. Total serum protein levels in individual female 
American woodcock. 

10 15 

ve | te7e 

35 4045 60556065 70 75 60 
J | r 

1e77 

Fig. 4. Serum cholesterol levels in individual female 
American wouodcock. 



Table 1. Sample correlation coefficients for ovary weight, follicle diameter, total serum protein, ana 
serum cholesterol for female American woodcock for the nonbreeding period (10 Decemker 1976- 
31 January 1977), the breeding period (1-24 February 1977), and the entire collection period 
(10 December 1976-24 February 1977). 

Correlation coefficients - 

Variable* a - _ 1 . D wum 
Nonbreeding period 

1. Ovary weight 

2. Follicle diameter 0.86° (44)> 

3. Total serum protein 0.24 (29) 0.28 (29) 

4. Serum cholesterol 0.25 (29) 0.47°* (29) 0.29 (29) 

Breeding period 
1. Ovary weight 

2. Follicle diameter 0.95° * (26) 

3. Total serum protein 0.80° *(24) 0.77°* (2A) 

4. Serum cholesterol 0.85* * (24) 0.80* * (24) 0.90**(24) 

Entire collection period 
1. Ovary weight 

2. Follicle diameter 0.90°* (70) 

3. Total serum protein 0.65** (53) 0.58**(53) 

_ 4. Serum cholesterol _ 0.67°°(53) (0.6953) (0.66°°(53) 

#Variable numbers on vertical and horizontal lines correspond. 

bNumbers in parentheses represent sample sizes. 
*P < 0.05. 

**P < 0.01. 

diameter during the February breeding period 
was greater than for the December-January non- 
breeding period (r = 0.28, P<0.15). The corre- 

lation (r = 0.80, P<0.01) between serum choles- 

terol and follicle diameter for February also was 
greater than for the December-January period 
(r=0.47, P<0.01). The correlation (r=0.90, 
P<0.01) between total serum protein and serum 
cholesterol during February was greater than 
during the December-January period (r = 0.29, 
P<0.10). 

The relation between follicle growth and 
changes in blood chemistry during sexual recrud- 
escence is illustrated by the following additional 
correlations. Follicle diameter (r =0.95, 
P<0.01), total serum protein (r=0.80, 
P<0.01), and serum cholesterol (r=0.85, 

P<0.01) were positively correlated with ovary 
weight during February (Table 1). These corre- 
lations were greater than the respective correla- 
tions (r=0.86, P<0.05; r=0.24, P<0.10; 
r=0.25, P<0.15) for the December-January 
period. 

Interpretation and Conclusions 

During February, sorme female woodcock 
were becoming sexually active while others re- 
mained quiescent (Figs. 1, 2). The positive corre- 
lations among the measured variables during 
February (Table 1) support this observation. The 

positive correlation (r = 0.95, P<0.01) between 
ovary weight and follicle diameter during Feb- 
ruary agrees with the study of Hutchinson et al. 

(1968) on the domestic canary. They reported a 
linear relation between ovary and follicle 
growth, with follicle size as the more reliable 
indicator of the initiation of the breeding season. 

February is normally the peak breeding month 
for woodcock in Alabama (Causey et al. 1974). 
The increased mean total serum protein level for 
February suggests that some females were under- 
going physiological changes associated with the 
onset of sexual activity. Sturkie (1976) reported 
increased serum protein levels during vitellogen- 
esis. Vanstone et al. (1955) reported that the 
serum protein levels of the domestic fowl in- 
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creased just before egg laying, decreased during 
laying, and recovered upon cessation of laying. 
Sendroy et al. (1961), and Heald and Badman 
(1963) reported a similar prelaying rise in plasma 
proteins in the pigeon (Columba livia). 

Increases are expected in serum cholesterol 
levels from mid-January through February , dur- 
ing the period of egg yolk formation (MciIndoe 
1971). Martin (1976) reported that plasma 
cholesterol levels in the female eastern wild tur- 
key rose sharply at the beginning of the breeding 
season and declined smocthly throughout the 
remainder of the breeding season. 

The positive correlations (P<0.01) among 
ovary weight, follicle diameter, total serum pro- 
tein, and serum cholesterol for February, and the 
higher means for these variables during Feb- 

ruary, were primarily influenced by the values of 
eight individual woodcock (Figs. 1, 2, 3, 4). 
Although statistical comparisons were not 
possible, these eight birds had the greatest values 

of all woodcock examined during February for 
the variables measured. These higher values 
would be expected in birds entering the rapid, 
final stage of vitellogenesis. 

Because no ovarian follicles were found that 
appeared to be nearing the end of the final phase 
of growth as described by Marza and Marza 
(1935), it was not possible to determine peak 
values for the variables measured. There were six 
follicles with diameters greater than 4.0 mm; ihe 
largest follicle was 4.8 mm in diameter, and the 
ovary from which it was taken weighed 
388.01 mg. Extrapolation from the work of Gil- 
bert (1971) on the domestic fowl suggests that 

these woodcock would have just entered the final 
period of rapid follicle growth, with about 7 to 
14 days until ovulation. After the present study 
was completed, we collected a female woodcock 
with a fully developed ovary and a revently ovu- 
lated ovum. The ovary weighed 8.22 g, and the 
ovum was 23 mm in diameter. This finding indi- 
cates that in the woodcock a massive accumula- 
tion of yolk material occurs in the last phase of 
follicle growth before ovulation and is in agree- 
ment with the study of Stamps and Doerr (1977) 
on woodcock reproduction in North Carolina. 

According to Marshall (1961), cold tempera- 

ture is an inhibitor of \4e reproductive cycle in 
many temperate-zone avian species. In an in- 
creasingly cold environment, the effects of a 
lengthening photoperiod are nullified and repro- 
duction is delayed. The average maximum tem- 

perature (6.8° C) for January 1977 at Auburn, 
Alabama, was 7.1 degrees lower than the 30-vear 

average. The average minimum temperature 

( —4.3° C) was 5.9 degrees lower, and the mean 
temperature (1.3° C) was 6.4 degrees below 
average. Therefore. temperature was likely a 

factor in the delaved sexual recrudescence in 

many of the female woodcock that would nor- 
mally have been sexually active. 

Although female woodcock with fully mature 

follicles were not collected, the significantly 
positive correlations among the measured varia- 
bles during February indicate that fluctuations of 
total serum protein and serum cholesterol levels 
can be used as indices of the reproductive status 
of the female woodcock. From the available 
data, we speculate that any female woodcock 
with total serum protein levels greater than 
6.3 g/dL and serum cholesterol levels greater 
than 295 mg/dL is sexually active and is 
approaching the final rapid phase of ovarian 
maturation. However, further investigations are 
needed to determine the values of the blood var- 
iables during the entire final phase of follicle 

The lower correlations among the variables for 

the entire collection period (Tab ., support the 
premise that not all females become sexually 
active on the Alabama “wintering” grounds. That 
none of the variables were msitively correlated 
(P>0.05) with time Guiingg February indicates 
that the variables were not increasing for all 

woodcock examined. The use of the specific 
blood variables should make it possible to dis- 
tinguish sexually active female woodcock from 
quiescent ones. 

After the present study was completed, we 
kept a captive group of 12 woodcock for a period 
of 8 weeks and modified a blood collection 
technique described by McClure and Cedno 
(1955). We were able to collect 1 mL of blood 
from the right jugular vein of each woodcock on 
a weekly basis without any adverse effects. 
Therefore, further research to determine the 
values of the blood constituents during the com- 
plete reproductive cycle will enable the use of 
this technique with living birds and permit the 
capture, blood collection, and release of wood- 
cock in the field. 

We believe that this means of identifying re- 
productively active woodcock, in conjunction 
with further investigations of woodcock repro- 
duction in Alabama, will enable us to arrive at 
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an estimate of the relative numbers of woodcock 

that nest in Alabama. The contribution that Ala- 

bama breeders are making to the continental 
population should be further investigated. Dif- 
ferentiation of breeders from nonbreeders should 

be helpful in determining whether implementa- 
tion of management practices for the establish- 
ment and maintenance of suitable breeding and 

nesting habiiat is justifiable. It should also help 
in estimating the effectiveness of such practices. 
Expansion of the data collection to include wood- 
cock from throughout the southern portion of 
their range could lead to a more precise under- 
standing of the reproductive biology of the 
species. 
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Abstract 

During the winters of 1978-80. we counted courtship flights of male American wood- 

cock (Philohela minor). Woodcock were collected from mid-November to early March 

during the wintering periods of 1977-78 and 1978-79 and during the 1979-89 hunting 

season. Birds were aged and weighed, and the length of the left testis or diameter of the 

largest ovarian follicle was measured. 

Males initiated regular courtship flights about | January in all three vears. Frequency of 

flights showed a bimodal curve each year. In all cases, the second peak. presumably 

caused by an influx of northward moving migrants. was higher. 

Testes lengths ranged from 3.0 to 12.0 mm, with a significant (? < 0.05) difference in 

lengths of adults and subadults. Correlation coefficients of length over time were signifi- 

cant for both age classes. and intercepts were significantly different between age classes. 

Testes recrudescence began about 7 December in aduits and about 21 December in sub- 

adults. All males collected after mid-February were sexually mature. 

Follicle diameters of adult and subadult females were significantly different (P <0.05). 

Correlations of follicle diameter with time were significant in both age classes: coeffi- 

cients, intercepts, and slopes were significantly different between age classes. Onset of 

follicle recrudescence began about | January in both age classes. Follicle diameter was 

significantly correlated to bird weight in adu!ts only. indicating that weight is a factor in 

breeding readiness of adult hens. The nine hens collected with follicles in the rapid 

eruption stage were adults: this suggests that only adult hens nest in East Texas. Nest 

initiation dates ranged from early February to mid-March. 

In East Texas, we investigated the (1) chronol 

ogy of male courtship behavior, (2) onset and 

degree of gonadal recrudescence in both sexes. 

American woodcock (Philohela minor) are 
winter residents of forested areas in East Texas. 

Cruickshank (1968) noted that males regularly 

perform courtship flights on warm winter eve- 
nings in East Texas; a small portion of the area is 
considered nesting range of the species (Owen 

1977). Davis (1961) reported nests near College 

Station; more recently, Pulich (1978) and Cain et 
al. (1978) recorded nests and a brood in the area. 

In other southern environs, Causey et al. (1974), 
Stamps and Doerr (1977), and Roberts and Dim- 

mick (1978) noted sizable late-winter breeding 

populations in Alabama, North Carolina, and 
Tennessee, respectively. Conversely, Pace and 
Wood (1979) found little evidence of woodcock 

nesting in coastal South Carolina. 

'Present address: Texas Forest Service, Linden, Texas 
75563 

and (3) frequency of nesting by females. Al- 

though we recognize that the term recrudescence 

does not definitively describe gonadal enlarge- 

ment of birds that have not previously attained 

the broeding condition, we will use it in this way. 

The Data 

Displaying Males 

During the winters of 1977-80, from three to 

six observers counted courtship flights of male 
woodcock. Forestry and biology students at 
Stephen F. Austin State University assisted in the 
counts. Each observer was given a short training 

period, then allowed to select a courting site and 
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time period, either morning or evening, for cen- 
susing. All fields censused were pine plantations 
ranging in age from 0 (site prepared but not 

planted) to 6 years old. Each observer recorded 

the number of courtsl..p flights heard at the 

selected site. Censusing started about 20 January 

and ended about 15 March, or after two clear 

census days when no courting birds were heard. 

Each observer averaged at least two census days 

per week. To eliminate bias caused by traffic 
noise, differences in observer acuity, and 
temporary inaccessibility of some fields due to 

impassable roads, we grouped the data by 5-day 
periods. We then computed average number of 
courtship flights per observer day during that 

period and divided by the total number of flights 

for the year to obtain a weighted percent per 
5-day period. 

Gonadal Recrudescence and Nesting 

Using trained bird dogs, we collected wood- 
cock during the 1977-80 hunting seasons. We 
also collected birds after the hunting season until 
early March in 1978 and 1979. Collecting was 
discontinued each year after two hunting days 
when no birds were located. No birds were col- 
lected after the hunting season in 1980. We did 
not collect any birds in or immediately adjacent 
to courtship fields. 
We weighed specimens to the nearest 1.0 g 

and separated them into adult or subadult age 
classes (Martin 1964). Birds hatched the previous 

spring were classified as subadults, all others as 
adults. We measured, to the nearest 0.5 mm, 
length of the left testis for males or diameter of 
the largest ovarian follicle for females. In 1979, 
for females with follicles in the rapid eruption 
stage (Stamps and Doerr 1977), we measured 
diameters of all maturing ovarian follicles. When 
an ovulating female was collected, we searched 
the flush area for a nest. 

Statistics 

We used student's t-tests to compare gonad size 
of mature and subadult birds of the same sex. 

Within each sex and age class, we tested the rela- 
tion of gonad size to collection date and body 
weight using simple linear regression. With one 

exception (adult hens), neither transformations 
of gonad sizes nor multiple regressions of gonad 
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size with date and weight improved the regres- 
sion value more than 0.10. For each sex, we 
tested regression values, slopes, and intercepts 
between age classes using confidence intervals 
and equations in Dixon and Massey (1969). In all 

cases, we used a null hypothesis of no difference 
between groups being tested and a significance 
level of 0.05. 

Displaying Males 

We recorded 757 courtship flights in 1978, 
1,136 in 1979, and 984 in 1980. The earliest 
flight recorded was 16 December 1979; birds did 
not initiate regular flights until after about 
1 January. No flights were observed after 
15 March. Because courtship flights continue 
later in the spring in more northern areas (Shel- 
dor. 1967), we assume that all courting males had 
migrated north by then. 

During all three years, peak numbers of flights 
occurred between 13 and 2/ February (Fig. 1); 
these dates are similar to those noted in Louisi- 
ana (Sheldon 1967). Peak numbers of flights in 

Oklahoma cccurred between 10 and 20 Feb- 
ruary 1975 and 1976 (Barclay and Smith 1977) 
and between 5 and 12 March 1978 in Tennessee 
(Roberts and Dimmick 1978). In both States, dis- 

playing males were still present about 2 weeks 

later than in Texas. Sheldon (1967) reported that 

peak courtship flight activity occurred as late as 
mid-May in Maine, Massachusetts, and 
Michigan; regular flights generally ceased about 
1 June. These data show that male American 
woodcock perform regular courtship flights in 
some parts of their range over a 5-month period. 
period. 

Adil 
Fig. 1. Nuptial flights grouped by 5-day periods during 

1978, 1979, and 1980. Date shown is the third day of 
the period. 
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The numbers of courtship flights showed a 
minor peak followed by a major peak each vear 

(Fig. 1). Other researchers have noted similar 

trends (Sheldon 1967; Barclay and Smith 1977: 

Couture and Bourgeois 1977). Sheldon (1967) 

hypothesized that in Massachusetts the second 

peak was related to renesting attempts. Couture 
and Bourgeois (1977) showed that in Quebec the 
first and highest peak was a result of the passage 
of migrants, and the second peak was caused by 

resident males. Boggus and Whiting (unpub- 
lished data) recorded relatively more courting 

males in brushy stands 6 vears old than in grassy 
stands 0 to 2 years old early in the winter court- 
ship period; later in the season, this trend was 
reversed. We suspect winter resident birds inhab- 
iting the brushy stands constituted the early peak 

and that the second peak was a result of some 
movement by winter residents to grassy areas, 
combined with an influx of northern-moving mi- 

grants. If so, grassy stands might serve as staging 

areas; we wonder if courtship flights play a role 

in initiation of northward migration. 

Gonadal Recrudescence 

We collected 142 woodcock in 1977-78, 176 in 

1978-79, and 32 in 1979-80. There were 174 
males (99 adults, 65 subadults, and 10 of un- 

known age) and 176 females (100 adults, 55 

subadults, and 21 of unknown age). One setting 

female and three males perferriuing courtship 
flights were collected. 

Males 

Testes Length 

If the testes of a collected bird were dark 

colored, we assumed recrudescence iiad not yet 
begun (Anthony and Buss 1974). Lengths of 

quiescent testes ranged from 3.0 to 4.0 mm: 
those of mature birds were slightly longer than 

those of subadults. Average length of the left 

testis in adults was 7.19 mm; those of subadults 

averaged 6.28 mm. The difference between tie 

age classes was significant. Blanchard (1941), 
Johnston (1956), and others have shown differ- 

ences in testes lengths of adults and subadults in 

several other avian species. 

Testes lengths of the three woodcock collected 

while performing courtship flights illustrate the 

large degree of overlap between age groups. A 

subadult, collected 16 February 1978, had a 

longer testis (10.5 mm) than either of two adults 

(both 8.0 mm) collected 24 February i978 and 

30 January 1979. Johnson (1961) noted similar 

conditions in mallards (Anas platyrhynchos). 

Testes Recrudescence 

Regression values.—The regressions of testis 
length with bird weight were not significant for 

either adult or subadult birds. However, regres- 

sions of testis length with collection date were 
significant for both age classes (Table 1). These 
values demonstrate that testis recrudescence in 

adult and subadult males was very similar. Were 
it not for the different intercepts, a single predic- 
tion equation could be used for both age classes. 
Differences in intercepts show recrudescence of 
subadults lagged about 14 days behind that of 
adults. Similar differences have been noted in 
other species (Wright and Wright 1944; Johnston 
1956). 

Table 1. Values in the regressions of left testis 
length with collection date for adult and sub- 
adult male woodcock and comparisons be- 
tween the two age classes. 

Value Adult  Subadult Comparison 

R 0.715 0.754 Nonsignificant 

R? 0.511 0.569 Not compared 
Intercept 3.16 2.16 Significant 

Slope 0.069 0.069 Nonsignificant 
No. cases 92 61 Not compared 
F ratio 94.2 78.6 Not compared 

Using 9-day periods, Stamps and Doerr 
(1977) developed a regression equation for length 
of left testis with collection date for 19 birds col- 
lected between 6 December and 1 February 
1975-76 in North Carolina. Their slope 
(0.053 mm/day; P. Doerr, personal communica- 
tion) and correlation coefficient (0.693) values 

were similar to ours (Table 1). Their intercept 

(4.24 mm) was much higher than ours, probably 

a result of the shorter collection period. 

Chronology of testes recrudescence. — Some re- 
searchers have noted that lengthening of the 
photoperiod stimulates testes recrudescence 
(Blanchard 1941; Sturkie 1965; Jones 1978). 
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Testes recrudescence of collected birds began 
about 7 and 21 December in adult and s.dadult 
males, respectively. These dates are <«milar to 
those noted by Stamps and Doerr (1977) for 
woodcock and Allen and Perr (1979) for 

mottled ducks (Anas fulviguls)). As testes 
recrudescence of the birds we collected began 
before the winter solstice, we 2. not believe that 
lengthening photoperiod is the primary factor 
triggering that response. Several factors, includ- 
ing warm temperatures (Roberts and Dimmick 
1978), cold temperatures (Blanchard 1941), and 

photoperiod length (Dang and Guraya 1978), are 
probably as important as the lengthening photo- 
period. 

Testes lengths varied widely throughout Jan- 
uary in adults and into mid-February in sub- 
adults (Fig. 2). Blanchard (1941) noted similar 

size discrepancies in white-crowned sparrows 
(Zonotrichia leucophrys) collected in California. 
Johnson (1961) hypothesized that the length of 
time a bird has been territorial will affect testis 
size. We believe this to be the cause of the large 
variation we noted. During early January, some 
birds were initiating regular courtship flights; 
others did not start until later in the month. By 
early February, testes lengths of all adults and 
most subadults exceeded 7.0 mm. During this 
period, the relative number of courtship flights 
increased markedly (Fig. 1). By mid-to-late Feb- 
ruary, when we noted maximum courtship activ- 
ity, testes of all birds collected were 8.0 mm or 
longer. Thus we believe regular courtship activ- 
ity begins when length of the longer testis exceeds 
about 7.0mm. Roberts and Dimmick (1978) 

reported that male reproductive maturation is 
complete by mid-February; our results support 
this conclusion. 

Females 

Diameter of Ovarian Follicles 

If a bird had several ovarian follicles of the 
same size, we assumed recrudescence had not yet 

begun (March and Sadleir 1970). Quiescent folli- 
cles ranged from 0.5 to 2.5 mm in diameter 

(Fig. 3). Most quiescent follicles in adults were 
2.0 mm in diameter; those in subadults were 
0.5 mm. Diameters of the largest follicles in 
adult birds averaged 3.47 mm; those in subadults 

averaged 2.00 mm. These values were signifi- 
cantly different. 
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LENGTH OF LEFT TESTIO tam 

Fig. 2. Average and ranges of left testis lengths grouped 
by 10-day periods. Date shown is the fifth day. 
Numbers above range limits show sample sizes. 

In subadult mallard hens, Johnson (1961) 

noted that follicles began enlargement early in 

the fall «nd reached the size of mature hens by 

late November. Our data on woodcock show dif- 
ferent trends. None of the five adult hens with 

follicles 0.5 mm in diameter were collected after 
16 December. Fifteen of the subadults had folli- 
cles of that diameter; nine were collected after 

that date, the last on 21 January. Similarly, 

there was little overlap between follicle 
diameters of adult and subadult birds until early 
January. Finally, in no subadult bird collected 
during the study period was the follicle diameter 
greater than 4.0 mm. 

Recrudescence of Ovarian Follicles 

Regression values.—Linear regressions of 
ovarian follicle diameter with collection date 

-“_ 2*« « 6 & 6 @ @ &® & & 
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OLAMETER OF LARGEST FOLLICLE iam 

Fig. 3. Average and ranges of ovarian follicle diameters 
grouped by 10-day periods. Date shown is the fifth 
day. Numbers above range limits show sample sizes. 
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Table 2. Values in the regressions of diameter of 
the largest ovarian follicle with collection date 
for adult and subadult female woodcock and 
comparisons between the two age classes. 

Value Adult §Subadult Comparison 

R 0.459 0.814 Significant 
R? 0.245 0.662 Not compared 
Intercept -1.200 -0.415 Not compared 
Slope 0.072 0.037 Significant 
No. cases 98 55 Not compared 

F ratio 31.2 104.2 Not compared 

were significant for both age classes (Table 2). 

However, due to lack of variation in follicle 

diameters in subadult females, the correlation 

coefficient for that age class was much higher 
than for adult females. 

In a population having a rapid eruption stage, 
one would expect data transformation to increase 
the correlation coefficient (J. Howard, personal 
communication). With log,, transformations, co- 

efficients increased from 0.459 to 0.741 for adults 

and from 0.814 to 0.827 for subadults. The large 
increase for adults shows that ovarian follicles of 

some birds had entered the rapid eruption stage 
(Fig. 3). Conversely, lack of change for subadults 
demonstrates that none of the collected birds had 
entered that stage. This finding suggests that only 
adult females reach breeding readiness in East 
Texas. 

Adult females were the only group in which 
gonad size was significantly related to bird 

weight (R = 0.456, F = 22.4, N = 87; Fig. 4). The 
same was true for the multiple regression of adult 
follicle diameter with collection date and weight 

(R = 0.618, F = 25.9). Diameter of the largest fol- 

licle is thus positively related to weight in adult 

females. This relation indicates that there is a 

minimum base weight which adult females must 

reach before they are ready to lay. Our data sug- 

gest this base weight is around 210 g. It is note- 
worthy that the nesting Len weighed 215 g. 
Chronology of follicular recrudescence. — 

Ovarian follicles of both adults and subadults 

began slow recrudescence about | January, 2-3 
weeks after the onset of male testes recrudescence. 

Kirkpatrick (1944) reported similar finds for 

ring-necked pheasant (Phasianus colchicus), as 
did Johnson (1961) for mallards, and Blanchard 
(1941) for white-crowned sparrows. 
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Fig. 4. Diameter of largest ovarian follicle of adult 
females as related to bird weight. 

Rapid maturation of ovarian follicles takes 
place after follicle diameter exceeds 4.0 mm 
(Stamps and Doerr 1977) or 5.0 mm (Roberts 

and Dimmick 1978). Our data do little to help 
define this critical diameter. Follicle diameters 
(in mm) of three ovulating birds were (dashes 

indicate ruptured follicles): 
(1) 9.0, 7.0, 5.0, 5.0, 4.0, 4.0, 3.0; 
(2) 15.0, 11.0, 6.0, 5.0, 5.0, 4.0, 4.0, 4.0, 3.0; 
(3) 21.0, 19.0, 15.0, —, —, 3.0. 
Our earliest evidence of rapidly maturing folli- 

cles was in a bird collected 5 February 1978 that 
had a shelled egg in the oviduct. Of the adult 
hens collected after 1 February, 20% (8 of 39) 

had ovarian follicles exceeding 5.0 mm, and 
38% (15 of 39) exceeded 4.0 mm. Two of four 

adult hens collected during March had shelled 
eggs in the oviduct. Although we excluded sub- 
adult females, our February percentages are 
lower than those of Stamps and Doerr (1977) in 
North Carolina and Roberts and Dimmick (1978) 

in Tennessee. 

Nesting Females 

We recorded one nest and six broods. Eleven 
chicks from five of the broods were aged using 
bill length (Ammann 1974). Additionally, while 
quail hunting on 2 February 1980, our dog cap- 
tured an adult female woodcock on an empty 
nest. External examination of the cloaca indi- 

cated that the bird was approaching oviposition. 
Characteristics of the nests and broods are given 
in Table 3. 

These data demonstrate that nest initiation 
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Table 3. Some characteristics of woodcoc'. nests and broods found in East Texas during 1979 and 1980. 

Number of 
Approximate chick Approximate 

Date located Chicks Eggs clutch 

age (days) completion date 

1979 
9 March 10 7 February 

9 March l 5 1] February 

9 March l 15 February 

10 March 4 - 10 March 
1980 

2 February 0 ~ 6 February 

1 March 2 3 6 February 

25 March 2 8 25 February 

12 April 4 “small” mid-March 

dates varied widely from early February to 

mid-March, a period of about 6 weeks. Causey 
et al. (1974) noted similar February dates in 

Alabama, but none in March, thus indicating a 

shorter nesting period. In North Carolina, 

Stamps and Doerr (1977) recorded clutch 

completion dates that ranged from late January 
to early April. A wide variation is thus evident in 

clutch completion dates of woodcock that nest in 

the South. 

Conclusions 

Our results indicate that physiological and 

physical breeding activity in American woodcock 

is common on East ‘texas wintering grounds. 

Testes recrudescence starts in early December, 

and regular courtship flights begin about 1 Jan- 

uary. By mid-February, when courtship activity 

peaks, virtually all males have reached sexual 
maturity. Adults attain that condition about 2 
weeks earlier than subadults. 

Recrudescence of ovarian follicles starts about 

1 January. Some adult hens reach sexual matur- 

ity by late January; we noted three hens that had 

started nesting by the first week in February. We 
believe that a sizable number of adult hens nest 

in East Texas, but we found no evidence of sub- 

adult hens nesting in the area. 
The extent of woodcock breeding and nesting 

in East Texas clearly needs further investigation. 

Some hens probably breed in the area but nest 

farther north. Thus quality and quantity of 

courtship grounds may be of major importance. 
We have intormation on neither the number of 
birds that nest locally nor their habitat require- 

ments. Land managers need such information for 

proper integration of woodcock into their forest 
resource management plans. 
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Abstract 

We studied the use of agricultural fields in North Carolina by American woodcock 
(Philohela minor) each year from 1975 to 1978 during November through March. 
Captures of 1.184 woodcock were made during this period. Immature males represented 

41% of the banded sample. Adult males, females, and immature females were equally 
represented. Of the recoveries of banded woodcock, 80% (16 of 20) indicated points of 
origin in northeastern North America. Results of density comparisons for roosting birds in 
four types of agricultural fields indicated a strong preference for untilled soybean fields 
over fields with untilled and rebedded corn; woodcock were never observed in fields 

planted with winter wheat. Using nearest-neighbor measurements, we found that wood- 

cock aggregated in small clusters within the banding fields. This behavioral trait may be 
of importance for woodcock in alarming “neighbors” of the presence of predators. 

Numerous investigations have been under- 

taken to explain the crepuscular flights of wood- 
cock (Philohela minor) from diurnal coverts to 
nocturnal fields. It has been suggested that open 
fields may serve as roost sites (Krohn 1970) and 
facilitate escape from predators (Dunford and 
Owen 1973). Along migration routes and at win- 
tering grounds, these fields may provide impor- 
tant feeding habitat for woodcock (Britt 1971; 
Dyer and Hamilton 1974; Krohn et al. 1977). 

The variability in the characteristics of fields 
used at night by woodcock throughout their 
range (Glasgow 1958; Krohn 1970; Krohn et al. 

1977; Britt 1971; Wishart 1973; Dver and 
Hamilton 1974, Hale and Gregg 1976; Horton 
1976) presumably reflects the regional variability 

'Paper No. 6989 of the Journal Series of the North 
Carolina Agricultural Research Service, Raleigh, N.C. 
Present address: City of Raleigh, Department of Parks 
and Recreation, Box 590, Raleigh, N.C. 27602. 

of agricultural practices, which to a large extent 
determines the availability of different types of 
fields. Increased knowledge of the selectivity dis- 
played by roost-searching woodcock when pre- 
sented with a variety of agricultural field types 
might lead to an increase in banding efficiency 
by concentrating search efforts on choice roost 
fields (Owen 1974). As Krohn (1970) aptly 
stated, the “knowledge of why woodcock use 
openings at night might permit more effective 
banding if these areas could be modified to 

attract woodcock.” 
In the present paper we report on woodcock 

banded during three consecutive years (1975 to 
1978) on the Coastal Plain of North Carolina. 
The rates at which woodcock were observed and 
the efficiency with which they were captured are 
discussed. Comparisons of the vegetative and 
structural components of specific roost sites and 
observations of selection among types of agricul- 
tural fields by roost-searching woodcock on the 
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Coastal Plain and on a selected Piedmont flood- 

plain are also reported. Further, the pattern of 
woodcock distribution on selected roost fields is 

analyzed and discussed. 

Study Area 

In the Coastal Plain region, banding opera- 
tions and roost-field censuses were undertaken in 
fields located near the community of New Hol- 
land in southern Hyde County. This area sup- 
ports farming operations in which corn and soy- 
beans are the principal crops. It is a common 
agricultural practice in this area to disk corn and 
soybean stubble after harvest in November 
before sowing winter wheat; however, many 
harvested soybean and corn fields remain struc- 
turally intact throughout the winter until farm- 
ing operations resume in early March. Most fields 
are bordered by swamp thickets, hardwood bot- 
tomlands, and pine plantations, which serve as 
diurnal cover for woodcock. A more detailed 
description of the area is given by Stamps and 

Duerr (1976). 

Stamps and Doerr (1976) reported that wood- 
cock were found most frequently in untilled sov- 
bean fields and, in the present study, our princi- 
pal banding effort targeted this field type. How- 
ever, intensive searches for roosting birds were 
conducted during 14 regularly scheduled band- 
ing nights on other field types that lay adjacent to 
the soybean banding fields, including tilled and 
untilled cornfields, cornfields that had been har- 
rowed and sown in winter wheat, and tilled soy- 
bean fields. Since the corn and soybean crops 
were rotated annually, our banding and census 
efforts were shifted accordingly. Densities of 
roosting woodcock on the various field types 
were then compared. Searches for woodcock in 
other types of field were conducted simultan- 
eously with soybean field banding efforts if suffi- 
cient personnel were available; otherwise, these 
efforts were conducted immediately before the 
soybean field banding efforts. 

In the Piedmont, an experimental nocturnal 
habitat study was implemented at the New Hope 
Valley game lands, about 4 km southwest of Wil- 
sonville in Chatham County. We chose 4 ha near 
the center of a 26-ha abandoned field as the study 

plot. Further details of the vegetation and adja- 
cent diurnal habitat characteristics were re- 
ported by Stamps and Doerr (1976). 

On the New Hope study plot, a randomized 
complete block design (Cochran and Cox 1957) 
was used to test woodcock roosting preferences in 

four types of managed fields. During the 1976-77 
winter season, field types included prescribed 

trol vegetation plots. These field types were mod- 
ified for the 1977-78 season to incorporate a 
“bare” row-furrow structural complex by 
bedding those plots which had previously been 
completely disked. Further, the previously strip- 
disked plots were simply “mowed” the second 
season. 

Each 0.25-ha prescription plot at New Hope 
was randomly located in each of four blocks so 
that each block included one of each type of plot. 
Thus 16 prescription plots, totaling 4 ha, were 
monitored for roosting woodcock. Numbers of 

woodcock were determined by using nightlight- 
ing and flush counts during 14 census periods in 
February and March 1977 and 8 census periods 
from December 1977 until early March 1978. 

Variability in percent ground cover and soil 
moisture among the plots was also recorded. 

Data collected at New Hope were not con- 
sidered to conform to independent event theory, 
since there were relatively few observations per 
night and the ,»robability of encountering repeat- 
ing individuals was high. Data were analyzed 
according to the probability that each prescrip- 
tion type of plot was equally attractive to wood- 
cock, and departure from this model constituted 
nonrandom selection. 

Capture Methods 

Woodcock were located in the study areas by 
using head-mounted nightlights and were cap- 
tured with long-handled nets (Glasgow 1958) 

during 59 banding attempts over three winter 
seasons (November through March, 1975-78) 
(Table 1). Age and sex for each captured bird 

were determined by plumage characteristics 
(Martin 1964). Records were kept of the field 

location, the approximate number of woodcock 
observed, the incidence of capture, and the total 
man-hours expended. 

Search procedure on each banding field con- 
sisted of a pair of workers traversing a line per- 
pendicular to cultivation rows. Woodcock were 
consistently found in the furrows between the 
row mounds. Altho gh banding experience 
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Table 1. Comparison of capture efficiency, observation per man-hour. capture per man-hour, and 
density levels for woodcock on banding fields at New Holland, North Carolina, 1975-78. 

Total man-hour Total Total Mean Efficiency 

Season effort observations captures Obs/hour cap/hour Density* (%) 

1975-7 41 O(n 705 336 2.93 1.45 -¢ 4 
1976-77 260.5 (22) 949 416 3.64 39 2.83 43.8 
1977-78 213.5 (20) 1,165 412 5.45 i.92 3.05 35.3 
Totals 715 (238) 2.819 (963) 1 "84 (395) 3.94 1.65 ~ 42.0 

*Total observations hectare surveved. 

»Data from Stamps and Doerr (1976). 
©Number of banding night periods. 
@No data available. 
‘Means given in parentheses. 

varied and close supervision was necessary for 
some novices, no attempt was made to quantify 
the disparity of success for efforts by inexperi- 
enced and experienced banders. To reduce the 
disturbance to roosting woodcock, we did not 
reenter a banding field during the same week 
(Owen and Morgan 1975). 

Measurement of Spacing 

During the banding, it was frequently noted 
that while the observer was approaching one 
bird, another, perhaps one or two rows away, 
would flush. To investigate the spatial distribu- 
tion of woodcock roosting on these fields, we 
used the nearest-neighbo: method (Clark and 
Evans 1954). Miller and Stephen (1966) similarly 

applied this model to determine spatial relations 
in flocks of sandhill cranes. This method has the 
distinct advantage of eliminating the effect of the 
size of a quadrat by measuring only the distance 
between individual members of the population. 
Still, as Clark and Evans (1954) pointed out, the 
boundaries of space must be “chosen with care” 
when computing the density measure. 

At New Holland, woodcock were found al- 
most exclusively within the boundaries of un- 
tilled soybean fields; furthermore, they were apt 
to be found at any location within a field that 
provided reasonable access and proximity to 
diurnal cover. The low, flattened terrain of Hyde 
County, with its high water table, necessitates 
the use of drainage ditches to enable the sus- 

tained growth of crops. We believed that the 
drainage-ditch borders of the soybean fields 
which were sampled would serve as “natural” 
boundaries for density calculation, if no other 

soybean fields were continuous with their 
boundaries. 
The pattern of spacing for roosting birds on 

New Holland soybean fields was measured dur- 
ing banding operations on two occasions in Feb- 

ruary 1977 and on five occasions during January 
1978. Painted stakes were placed at each obser- 
vation site, whether or not a capture was made. 
If a bird was flushed prematurely, a stake was 
placed near its perceived roost site and relocated 
to the nearest woodcock splash mark on the fol- 
lowing day. Distances to the field borders and 
the nearest neighboring roost site were recorded. 

Measurements of furrow depth, soybean stubble 
height, and soil conditions were also recorded on 
two occasions and were compared with similar 
measures taken at random locations in these same 
fields. 

Banding Results 

Woodcock Captures 

We encountered 2,819 woodcock during the 
three winter seasons and captured 1,184 (Ta- 
ble 1). Age-sex composition of the banded sam- 
ple remained relatively constant from year to 
year. Immature males represented an average of 
41% of all banded birds; adult males, adult fe- 
males, and immature females were equally 
represented. Although the number of woodcock 
observed and captured per man-hour of effort in- 
creased during the three seasons, there was a 

simultaneous decrease in the efficiency of cap- 
ture. 

Observations of woodcock varied markedly 
from November through early March, and means 
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of 2.83 and 3.05/ha were recorded during the 
1976-77 and 1977-78 seasons, respectively 
(Table 1). Observation rates varied significantly 

(R*?=0.78) when regressed with seasons 

(P<0.05, F test) and months (P< 0.001, F test); 
however, these rates and the numbers of birds 
observed per hectare were highly variable within 
and across banding fields throughout each sea- 
son. Fewer birds than 2/ha were located during 
40 and 20% of the banding nights in the 1976-77 
and 1977-78 seasons, respectively. In those sea- 
sons, 4/ha or more were observed during 31 and 

25° of the surveys. The largest numbers of birds 

recorded were on 24 February 1977 and on 8 Jan- 
uary 1978, when 10.8 and 10.5 woodcock per 
hectare were observed in 7.3-ha and 5.8-ha soy- 
bean nelds, respectively. 

Woodcock banded during the winter at New 

Holland apparently summer and migrate in the 
eastern flyway region (Krohn and Clark 1977; 
Wishart 1977; Coon et al. 1978). Twenty indi- 
viduals banded at New Holland were reported 
killed as of 15 May 1980, for a recovery rate of 
1.8%; of these, 16 were from the northeastern 
United States and Canada. Three recoveries 
were spring-found birds from New Hampshire 
(4 April 1978), Nova Scotia (24 May 1978), and 
Pennsylvania (4 April 1978). Of four North Car- 
olina recoveries, one was found in the spring 
(13 May 1978). Hunter-killed birds were re- 

ported from Ontario (1), Quebec (2), Maine (2), 
New Hampshire (1), New York (4), New Jersey 
(2), and Massachusetts (1). These recovery 
records strongly suggest that the breeding- 

ground origin of our wintering population is cen- 

tered in the northeastern region of North 
America. 

Most migrants arrive in North Carolina in 
mid-December and remain until mid-February 

to early March, depending on the prevailing 
weather conditions. Age and sex composition 
data, which indicate a preponderance of imma- 
ture males in the captured sample, are consistent 
with the reports of banders at numerous migra- 
tion and wintering concentration sites (Martin et 
al. 1969; Rieffenberger and Ferrigno 1970; Britt 
1971; Krohn et al. 1977). 

Recaptures 

A total of 70 woodcock banded at New Hol- 

land were recaptured on or near the fields of 
their original capture; 54 of these were classified 
as repeats (netted again the same season they 

were banded), and 16 were designated as returns 

(netted in a season subsequent to banding) 
(Table 2). Two of the returns were caught two 
seasons after their banding. No data were avail- 
able from the 1975-76 season. 

More than 70% of the repeats occurred in the 
field of original capture (Table 2) after a mean 
interval of 3.2 weeks. No relation was found be- 
tween the elapsed time (in days) and the distance 

between netting sites for repeat captures. Of 12 
returning birds, 3 were renetted in or on fields 
adjacent to those of their banding: the other 9 re- 
turns were taken within 0.8 km of the original 
banding site. Thus, recapture and repeat records 

Table 2. Percent of woedcock recaptures and repeats occurring at original bonding sites near 

New Holland, North Carolina, 1976-78. 

1976-77 1977-78 

Repeats Recaptures! Repeats Recaptures 

Lancation No “ No No. ‘ No % 

Identical field 12 a” 2 38 2; M4 ] 7 

Less than 0.8 ken i9 5 6 100 32 W 3 ~w 

Lew than 1.6 km 19 aS h 100 M oo 3 ~ 

Lew than 3.2 km i9 st) f loo sv 100 4 @ 

Creater than 3.2 km l 5 2 % 

Unknown . - 3 l 

Total BH) 4 M r 

“Refers to woodcock which were renetted in the season in which they, were banded. after a mean interval of 

4.2 weeks. 

"Refers to woodoock which were renetted in seasons subsequent to their banding 
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indicate that at least some New Holland wood- 

cock overwinter in the area and return in subse- 

quent winters, often homing to the identical 
fields in which they had been banded. Glasgow 

(1958) and Britt (1971) have reported similar 

homing tendencies for woodcock wintering in 
Louisiana. 

Spacing Patterns of Woodcock 

There were no significant differences in the 
measurements of soybean stubble height taken at 
55 random locations and 53 roost-site locations 
on two soybean fields totaling 21 ha (P<0.57, 

F test). Similarly, there were no differences in 

the depth of the furrows at the same random-and 
roost-site locations. There was no evidence that 
woodcock select roost sites in a soybean field on 
the basis of the height of re<idual soybean stubble 
or the depth of the intact row or furrow. 

The frequency distribution of individual dis- 
tances (distance to nearest neighbor) for 238 
woodcock whose roost sites were marked in five 
different fields on seven sampling nights is illus- 
trated in Fig. 1. The mean distance (+ SD) 
to nearest neighbor was 19.04+ 16.39 m 

(range, 0 to 97 m), and 50% of the roost sites 
were located within 5 m of another (Fig. 1). 
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Distance to Nearest Neighbor try 

Fig. 1. Frequency distribution for the distance to 
nearest-neighbor for 238 woodcock located on roost 
sites at New Holland, North Carolina. 

These distance measures become important when 
considered in terms of the field area and the 
density of birds on each field. 

In each of the fields studied, roost sites were 
not spaced in a random fashion, but rather 
showed signs of significant aggregation 
(Table 3). This tendency to aggregate was fre- 
quently observed in fields where small, loosely 
spaced groups of birds (two to four individuals) 

Table 3. Measurements of spacing for woodcock in soybean fields that served as roost sites in the 

Area Totalno. Density 

Date Field (ha) of birds = (no. /m*) 

1977 
17 February l 7.28 26 0.0003 
18 February 2 10.79 27 0.0002 

1978 
8 January 3 5.82 53 0.0009 

11 January 4 21.32 40 0.0001 
12 January 5 9.67 27 0.0002 

27 January 6 7.34 29 0.0003 

18 February 7 5.82 3% 0.0006 

*Mean of observed distances (meters) to nearest neighbor. 

»Mean distance (meters) to nearest neighbor expected in an infinitely large random density. 
“R =f,/t, = departure from randomness, greater than | approaches regular spacing. less than | approaches clus- 
tered spacing. 

t, 
(m) 

23.106 

25.54 

10.51 

27.00 

13.75 

19.65 

16.25 

coastal plain of North Carolina. 

ty 

0.63 

0.72 
0.27 

0.58 

0.65 

oy, 

11.10 

10.43 

1.24 
13.06 
3.73 
2.90 
1 86 

Cc 

-2.79°* 

-1.98° 

~4,.95°* 

2. 86°* 

-$.91°° 
-4,71°° 

.4,70°* 

“Standard error of the mean distance to the nearest neighbor in a randomly distributed population of the same 

density as that of the observed: %, * 0.26136/. Np, where N = no. of distance measurements, p = density 

observed. 

"Significance test of departure from randomness; C = t, ~ ty Oy: “significant at 5 level: ** significant at 1% 
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Table 4. Comparison of field-type usage by roosting woodcock during census periods in the 1977-78 

banding season at New Holland. North Carolina. 

Agnicultural field type Total area censused (ha) Density of woodcock (mean no. ha) 
Untilled soy stubble 108.4 (14 3.378 (365) 

Untilled corn stubble 79.25 (7) 0.202 (16) 

Corn field; rebedded 29.29 (4) 0.034 (1) 

Winter wu heat 49.56 G) 0.0 (0) 

“Number of census periods in which field-type was checked. 
*Total number of woodcock observed. 

were spotted or flushed. These clusters were nor- 
mally scattered throughout the field area, and 
only rarely was the distribution of woodcock 
roosts noticeably skewed to one section of a field. 

Roost-Field Preferences 

Coastal Plain Observations 

The densities of roosting woodcock were about 

16 times higher on untilled soybean fields than in 
untilled cornfields and about 100 times higher 

than in rebedded cornfields (Table 4). Woodcock 
were never observed to roost in fields of winter 
wheat. 

These findings are made more dramatic by 
comparing them with examples of recorded den- 
sities on fields in which crop burdens were ro- 
tated between seasons. In a 10.8-ha soybean 
field, woodcock densities averaged 2.50/ha dur- 
ing six observation periods in 1976-77; during 
one census in 1978, this field, then in untilled 
corn, harbored only 0.47 woodcock/ha. Simi- 
larly, a 7.3-ha soybean field searched in 
1976-77, which had averaged 3.47 woodcock/ha 
(six observation periods), was searched twice in 
1978, when it was in untilled corn, and averaged 
only 0.48 woodcock/ha. An adjacent 11.2-ha un- 
tilled soybean field, unchecked the previous year 
while planted in corn, averaged 2.71 wood- 
cock/ha during three periods in 1978. Thus it 
seems woodcock select untilled soybean fields for 
feeding and roost sites in preference to other field 
openings available at New Hollaad. 

Manipulation of Nocturnal Habitat 
in the Piedmont 

Thirty-two woodcock were reco” 9/4 
observation periods at New Hope a (Of 

these, 26 were found in burned plots and 6 were 
in control plots. Strip-disked and completely 
disked plots were never used by woodcock. 

Although not more than three wooccock were 

sighted on any nig, it is noteworthy that they 
were found only in the burn and control type of 
plots. If the plot selection was purely random for 
each bird, this seems intuitively unlikely. If for 
each block we consider only the nights with max- 
imum number of birds, we find: 

Block | either 3 0 0 0 

or 2 0 0 i 

Block 2 either 2 0 0 0 

or l 0 0 l 

Block 3 l 0 0 0 

Woodcock were never observed in Block 4; there- 
fore, this block was no* included in our calcula- 
tions. 

The p-obability for all arrangements at least as 
apparently nonrandom as these was calculated to 
be 6/64 = 0.094. This calculation was done on 
the assumption that birds seen the same night 
are, in fact, different individuals. Further, under 
the hypothesis of purely random selection, birds 
would have a probability of one in four of select- 
ing any one of the four treatments. The calcula- 
tion allows for the fact that the exclusive use of 
any other pair of treatments (i.e.. other than 
burn and control) would have been regarded as 
equally nonrandom. 

Although this calculation used only the nights 
with maximum number of individuals, the site 

selections on other nights are in complete agree- 
ment with the data used in this analysis and 

could only ‘end additional support to the conclu- 
sions. 

Percent coverage of vegetation on the pre- 

scribed burn plots was consistently sparser than 
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that on the control vegetation plots. Little vege- 

tation remained on the completely disked plots, 
and stripping provided alternately dense and 
sparse cover. Soils were generally moist or frozen 

throughout the area, although pools of standing 
water were present on two blocks. Of additional 

interest was the observation that woodcock were 

almost always found roosting in old furrows of 
this fallow farm field (31 of 32 observations). 

Disruption of the row-furrow complex, excessive 

exposure of soils, and the denuding of protective 
vegetation on the plots that were completely 

disked and on the strip-disked plots might explain 
the dearth of roosting woodcock in those areas. 

Results of the 1978 cersus were limited by an 
inadequate sample (only six of eight attempts 
produced observational records), due in part to 
an inundation of the study area as a result of 

heavy rains in early March. Thus. no statistical 
inferences can be made. However, woodcock 
were again found most often in burned areas (15 

of 25 observations), but they were also present in 
modest numbers on the strip areas (6 of 25 obser- 
vations) that had been mowed rather than disked 
before the 1978 season. and on control plots (4 of 
2") observations). 

Discussion 

Spacing exerts more influence on the success of 
capture attempts than does the density of wood- 
cock in the field. Glasgow (1958) noted that in 
Louisiana, woodcock appeared to cluster in sec- 
tions of fields and that capture success was less 
when the spacing of birds decreased to less than 
15.2 m. Krohn (1971) and Wishart and Bider 
(1976) reported that woodcock distribution on 
summer fields was not random but appeared 
to be more local and aggregated. Rieffenberger 

and Ferrigno (1970) termed these neighboring 
birds “eyewitnesses” to capture attempts. 

The nature of, and stimulus for, this aggre- 

gating tendency have not been fully explored. 
Horton and Causey (1974) found that, after com- 

pleting crepuscular courtship activity, male 
woodcock would abandon their singing grounds 

to aggregate with other woodcock on concentra- 
tion areas in the same field. Suspecting that food 
availability might vary among or within fields, 

Ensminger (1954) measured earthworm popula- 
tions throughout used and unused fields but 

found no differences. Krohn (1970) found that 
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little food was obtained on summer fields, and 
Dunford and Owen (1974) speculated that these 
fields may provide protection from predators and 
setve as roost sites. 

At New Holland, many of the captured wood- 
cock had fresh mud on their bills. At times, 
movements of earthworms, snails, and other 
invertebrates were observed on these fields, and 

we suspected that woodcock were feeding during 
the night, as reported in Louisiana (Clasgow 

1958; Britt 1971). Stil! there were no differences 

in the structural characteristics of soybean stub- 

ble or furrow depth within the fields, and the wide 
distribution of woodcock clusters and the field 

hom geneity make it seem unlikely that roosting 
biras would aggregate within a field section solely 

for its vegetative protection or its invertebrate 
resource. 

Krohn et al. (1977) reported seeing singles and 

small groups of woodcock alighting on Cape May 

banding fields at various times during the night, 
and attributed this to migrant arrivals. Crepus- 
cular abandonment of diurnal cover by one wood- 

cock may trigger others to follow, so that wood- 

cock would enter roost fields in small groups. This 
behavioral trait alone may explain the aggrega- 
tions found. 

From our observations, we suspect that the 
relatively close spacing of individuals within a 
group provides an alarm system within each 
cluster because when one bird flushes, the neigh- 
boring birds are alerted to approaching danger. 
For the bander, the implications of an “alarm” 
system are evident. Each individual bird sighting 
should therefore be checked for neighboring 
birds and an approach strategy developed before 
a capture attempt is mac’. 

Agricultural Field Selection 

Many investigators have described the types of 
fields in which woodcock have been found roost- 

ing. In Louisiana, woodcock have been located 

in pastures, fallow fields, and in cultivated corn, 
cotton, and sugar cane fields (Clasgow 1958). 

More recently in Louisiana, soybeans have be- 

come « dominant agricultural! rop used for roost 
sites by woodcock (Martin et al. 1977). Krohn et 
al. (1977) found woodcock in abandoned fields, 
lightly grazed pastures, and alfalfa fields; heavily 
grazed pastures were avoided. Rieffenberger and 
Ferrigno (1970) reported use of similar field types 
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but added that woodcock were rarely found in 

fields which had been sown with rye or a winter 
cover crop. 

At New Holland, untilled soybean fields sup- 
ported the largest number of roosting or feeding 
woodcock; fields that had been disked or planted 
in cover crops were never used. Glasgow (1958) 

also found little use of tilled land by woodcock. 
The selection of the untilled soybean rather than 

corn fields may be due to its moderate-to-sparse 
vegetative character, which provides a high de- 
gree of “protected” visibility. The soybeans also 

contribute nitrogen to the soil, which may in- 
fluence invertebrate populations. Finally, the 
texture and color of the duff in soybean fields 
may be of importance in maintaining unfrozen 
soil beneath it and may provide an added mea- 
sure of protective coloration in comparison with 
the lighter duff in corn furrows. 

Row-Furrow Complex 

In censusing woodcock both at "yew Holland 

and at New Hope, one striking similarity was ob- 
served in the use of agricultural fields by wood- 

cock. Roosting birds were most frequently found 
in the furrows between rows. It is certain that 
protection from both predators and harsh 
weather is afforded roosting birds by settling be- 
tween two mounds of earth. Perhaps the furrow 
also allows a measure of access by woodcock to 
food sources that would not be available if the 
terrain were flat. We frequently observed frozen 
soil on the tops of row mounds, while the soil 
under the duff in the furrow remained unfrozen. 
If earthworms or other invertebrate food sources 
move to depths of 30 cm or more during periods 
of freezing temperatures, then the average 

furrow depth of 23 cm, with its unfrozen soil, 
might provide access to an otherwise unavailable 
food source. The potential for using the row-fur- 
row complex as an attractant for woodcock re- 
mains to be investigated. 
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Abstract 

Between mid-December 1979 and March 1980, we conducted a study in the southern 

portion of Nacogdoches County, Texas, to characterize preferred feeding sites of Ameri- 

can woodcock (Philohela minor) in young pine plantations. Habitat use was evaluated by 

using flush counts along transects and probe-hole counts on clipped plots of 1 m radius, 

and on four 2- x 10-m belt transects radiating from each plot. Multivariate regression 

showed that vegetation characteristics were more important in influencing foraging 

activities than were soil characteristics. Significant (P<0.05) factors included foliage 

densities at two levels, heights of mid-story woody species, soil moisture, soil pH, and per- 

cent of ground cover. Use of the major soil types of the area differed significantly, with 

both vegetation and soil characteristics influencing site selection. 

Although the piney woods of East Texas lie 

within the western extremes of American wood- 

cock wintering range, little information is avail- 

able concerning the biology or management of 

the species in Texas. Leopold (1933) pointed out 
the value of studying a species on the periphery of 
its range, but a search of the technical literature 
revealed only six publications on woodcock in 

Texas. Only one of these (Kroll and Whiting 

1977) presented results of a research project. 
In other southern areas, bottomlands have 

been the subject of most wisiter habitat studies 

(Glasgow 1958; Sheldon 1967; Britt 1971; Fen- 

wood 1976); few authorities mention the use of 

upland sites (Sheldon 1967). Kroll and Whiting 
(1977) and Whiting (1978) discussed the impor- 

tance of young upland pine plantations in East 

Texas as habitat for wintering woodcock. To 

further define habitat features important to 
woodcock wintering in such stands, our study 
was designed to (1) identify soil types and charac- 

teristics and vegetation variables important to 
woodcock wintering in young upland pine plan- 
tations, and (2) correlate soil type and habitat 

variables with foraging activities of the birds. 

IPresent address: Texas Forest Service. Linden. Texas 

75563. 
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Methods 

Description of Study Area 

We selected an upland pine-hardwood tract 
located in Nacogdoches County, 9 km west of 
Chireno, Texas, for study. Except for buffer 
strips along creeks, the tract was clearcut during 
1972 and 1976. Residual vegetation was then 

sheared and debris raked into windrows that 
were not burned. The area was machine planted 
to loblolly pine (Pinus taeda) and shortleaf pine 
(Pinus echinata) in 1973 and 1977. 

Vegetation on the study area was typical of 
early successional upland sites in East Texas. In 
addition to loblolly and shortleaf pine, com- 
monly occurring woody species included sweet- 
gum (Ligquidambar styraciflua), southern red 
oak (Quercus falcata), smooth sumac (Rhus 

glabra), shining sumac (Ahus_ copallina), 

southern wax-myrtle (Myrica cerifera), and a 
variety of other woody species. Other vegetation 
consisted of vine and herbaceous species such as 
greenbriars (Smilax spp.), Carolina jessamine 

(Gelsemium sempervirens), and dewberry 
(Rubus spp.). Major grasses included pinehill 
bluestem (Andropogon divergens) and beaked 
panicum (Panicun. lanuginosum). 



Using urpublished U.S. Soil Conservation 
Service sei maps, we selected four major soil 
types: bowie and Kirvin, both fine sandy loams, 

and Lilbert and Tenaha, both loamy fine sands. 
Within each soil type we established three tran- 
sects, each 300 m long (thus a total of 12 tran- 

sects for all soil types). Each transect was divided 
into 100-m intervals, and 2 circular plots each 
with a radius of 1 m were randomly located in 
each interval, resulting in 6 plots per transect, 18 

per soil type, and a total of 72 plots. Vegetation 
was clipped and removed from each plot, and 
overhanging branches from adjacent trees and 
shrubs were removed to create foraging sites. 

Estimates of Woodcock Use 

Each week from 26 December 1979 to 28 Feb- 

ruary 1980, we censused each transect with a 

close-ranging bird dog and recorded the number 
of woodcock flushed per transect (Reid and 
Goodrum 1957). We began censusing 30 min 
after sunrise and completed six transects per day. 
When possible, all were completed within two 
consecutive days to decrease weather effects. We 
rotated the order in which we censused transects 

each week to reduce biases due to time of day and 
dog fatigue. 

During the weekly census, we also counted 
woodcock probe holes within each clipped plot 
and in four belt transects, each 2 m wide and 
10 m long, radiating from the plot. Direction of 

one belt transect at each plot was randomly 
established before every count. The other three 
transects were then set at 90° intervals (Fig. 1). 

Probe holes were obliterated after every count. 
All soil types were completely censused, includ- 
ing probe-hole counts, nine times during the 
study. 

Soil Analyses 

Soil samples were taken weekly at randomly 
selected points within each plot. In the field, 
samples were placed in aluminum containers 
with secure lids to avoid mixing soils or loss of 

moisture by evaporation. In the laboratory, we 
used the gravimetric method (Gardner 1965) to 

measure soil moisture of each plot for each obser- 
vation period. Soil samples were then stored in 
separate containers by plot. At the end of the 
study period, for each plot, percent gravel was 
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Fig. 1. A schematic diagram of a study plot and its 
associated belt transects. 

determined by weight, texture (i.e., percent 

sand, silt, and clay) was evaluated using the 
Bouyoucos method (USDA Soil Conservation 

Service 1972), and pH was measured with a pH 
meter, precise to 0.1. 

Habitat Analyses 

Woody vegetation (>25 cm tall) around each 
plot was characterized by counting the numbers 
of individuals per woody species on four 4-m* 
subplots randomly established 8 m from plot cen- 
ter. From these data we computed plant species 
diversity (Shannon 1948). Percent ground cover 
(<25 cm tall), categorized as soil, litter, grass, 

herb, or woody, was determined on two 10-point 
transect lines adjacent to each plot. A foliage 
density index (FDI) was obtained by estimating 
the percentage of a graduated board, 10 cm high 

and 60 cm long, that was obscured and by divid- 
ing that percent by observer-to-board distance 
(MacArthur and MacArthur 1961). Maximum 

observer-to-board distance was set at 15 m. We 

determined FDI's for the following five vegeta- 
tion strata: 0.00-0.25 m, 0.26-0.75 m, 

0.76-1.25 m, 1.26-2.00 m, and 2.01-3.00 m. 

Statistical Analyses 

We performed statistical comparisons using 
the Statistical Package for the Social Sciences 
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(Nie et al. 1975) and Biomedical Computer Pro- 
grams: P Series (Dixon et al. 1977). A total of 20 

independent variables were tested for possible 
effects on the foraging activity of woodcock. 
Stepwise multiple regressions were used to select 
variables that significantl:’ influenced the num- 
bers and distribution of probe holes within the 
study area. Multivariate regression was then used 
to determine which of these variables had the 
greatest effect on foraging by the birds. One-way 

analysis of variance and Duncan's multiple- 
range tests were used to test and define differ- 

ences in numbers of probe holes and differences 
in soil and vegetation characteristics of the soil 

types. Significance levels of 0.05 were used 
throughout the study. 

Results and Discussion 

The winter of 1979-80 was one of the mildest 
in recent years for East Texas and resulted in 

diminished populations of wintering woodcock. 
Flush data collected were insufficient for 
analyses; our results are therefore based entirely 

on probe-hole data. 

Habitat Factors Affecting 
Woodcock Foraging 

Vegetation 

Foliage density. —The importance of under- 
story vegetation cover to woodcock habitat has 
been emphasized by several authors (Glasgow 

1958; Wenstrom 1974; Lambert and Barclay 

1975; Fenwood 1976; Rabe 1977). In the multi- 
variate equation, we found that foliage density at 
two heights explained the largest amount of 
variation in probe-hole numbers (Table 1). Den- 

sity from 0.00-0.25 m had the greatest effect on 
forage site selection, with the number of probe 
holes increasing as foliage density decreased. The 
inverse relationship occurred in the density 
stratum at 0.26-0.75 m, with the number of 
probe holes increasing as density increased. 
Feeding behavior of woodcock and reduced risk 

of predation offer the best explanations for these 
results. Sparse vegetation cover at ground level 
increased mobility and visibility, and dense vege- 
tation at the higher stratum provided the protec- 
tion requirements of the habitat. 

Average height of dominant species. — Fen- 
wood (1976) used shrub heights (0.9-6.4 m) as 

Table 1. Significant multivariate regression 

values, using soil, vegetation, and ground 

cover as independent variables and average 
numbers of probe holes per plot and belt tran- 

sects as dependent variables (a = 0.05). 

Independent variables R R Fi ratio 

Vegetation 

FDI 0.00-0.25 m 0.713 0.509 8.16 

FDI 0.26-0.75 m 0.643 0.414 5.56 

Average height (m) of 

dominant vegetation 0.679 0.461 6.74 

Soil 

Moisture (average) 0.585 0.342 4.10 

pH 0.476 0.227 2.32 

Ground cover (%) 

Bare soil 0.540 0.292 3.25 

Litter 0.676 0.457 6.63 

“Variables tested for which no significance was dem- 

onstrated include soil type; percent sand, silt, clay, 

and gravel in the soil; percent grass, herb, and woody 

in the ground cover: FDI in the strata at 0.76--1.25 m. 

1.26-2.00 m, and 2.01-3.00 m: and plant species 

diversity. 

‘FDI = foliage density index. 

an aid in classifying woodcock habitat in south- 
ern West Virginia as good, fair, or poor. In our 
study, heights of dominant woody species (X = 

3.2 m, range = 1.8 to 4.7 m) proved significant 
in influencing feeding by woodcock; the number 
of probe holes increased with vegetation heights 
(Table 1). This type cover best fits the mid-story 
vegetation described by Britt (1971) as vertical 
cover with erect and spreading life forms. How- 
ever, since differences in probe-hole numbers 
were not significantly related to plant species 
diversity, we agree with Britt (1971) that it is the 

structure of the habitat, not its composition, that 
is important to the birds. In southern pine plan- 
tations, this type of habitat should continue to be 
favorable for woodcock use until canopy closure 
affects understory vegetation or significantly 

decreases the number of escapeways. 

Soil 

Soil moisture. — We found that increased soil 

moisture was significantly related to increased 
woodcock foraging activity. Glasgow (1958) 

listed high soil moisture as a factor common to 

nearly all types of feeding sites. Ensminger 
(1954) noted the importance of soil moisture in 
the distribution, abundance, and activity of 
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Table 2. One-way analysis of variance of total 
probe holes in the four soil types. 

Sum Degrees 

of of ‘ean 

Source squares freedom square F ratio 

Between groups 114,78! 3 38.260 3.28 

Within groups 7.515.881 644 11.671 

Total 7.630.662 647 

4Significant at the 0.05 level. 

earthworms. Adequate moisture is necessary for 
earthworms to remain active near the surface 
(Glasgow 1958). We believe increased soil mois- 

ture also permitted probing in areas not generally 
used by woodcock. On one plot, 4 weeks passed 
with no probing on or near the plot, but 3 days 

after heavy rains, when it was partially inun- 

dated, more than 1,100 probe holes were re- 

corded within its boundaries. Increased moisture 

allowed woodcock to probe around obstructions, 
such as gravel or matted vegetation, which were 

impenetrable during periods of low soil moisture. 

Soil pH. — We found that soil pH significantly 

affected woodcock foraging activity. Ensminger 
(1954) reported the greatest abundance of earth- 
worms present in soils with the highest pH 
values. Sheldon (1967) and Britt (1971) suggested 

that earthworms were not as important a food 
source in the South as in northern areas. Al- 

though diet composition of woodcock wintering 

in East Texas is unknown, our findings showed 
that probing increased with increased pH values. 
The importance of soi! moisture and pH, and 
other soil characteristics as noted by Kroll and 

Whiting (1977) for woodcock habitats in Texas, 
is inconsistent with the findings of Wishart and 

Bider (1976) for habitats in Canada, suggesting 
that differences exist between preferred northern 
summer and southern winter feeding hab'tats. 

Ground Cover 

Previous studies in other geographical areas 

have revealed the importance of ground cover in 
woodcock habitat selection (Glasgow 1958; 

Wenstrom 1974; Lambert and Barclay 1975; 
Fenwood 1976; Wishart and Bider 1976). In our 
study, two of five ground-cover measurements 
(percent bare soil and percent litter) significantly 
affected foraging activity (Table 1). Probe-hole 
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occurrence increased as the percent of bare soil 
increased and percent of litter decreased. Wood- 
cock foraging methods (i.e., probing) probably 
necessitate this habitat requirement. These find- 
ings also support use of woodcock habitat man- 
agement practices such as burning, mowing, and 
thinning (Sheldon 1969; Liscinsky 1972). 

Differences in Woodcock Use 
of Various Soil Types 

We found significant differences in the num- 

bers of probe holes in the different soil types 
(Table 2). Duncan's multiple-range test values 
grouped numbers of probe holes into two subsets 
with significantly more probe holes in soils of the 
Tenaha (47.48) and Bowie (39.81) types than in 

the Lilbert (13.26) type; the Kirvin (24.29) soil 
was common to both groups. We also found sig- 
nificant differences in foliage density and soil pH 
of the different soils (Table 3). 

Vegetation 

Except for the stratum at 0.00-0.25 m, 
average FDI's of all strata were significantly 

higher in the Lilbert soil than in the other three 
soil types. These groupings are almost exactly the 
same as those based on the numbers of probe 
holes by soil type (Table 1). This finding shows 
the critical importance of foliage density to 
woodcock foraging in young pine plantations. 

Although in the Lilbert soil the lowest foliage 
stratum was not significantly more dense than 

that of the other soils, increased density in the 
upper strata possibly reduced the numbers of 
escape routes and thereby reduced foraging by 

the birds. These data and our multivariate 
regression results, whereby increased foliage den- 

sity in the stratum at 0.26-0.75 m was positively 
related to increased numbers of probe holes, sup- 
port Rabe’s (1977) conclusion that there is a curv- 
ilinear relation between foliage density and 
woodcock foraging. 

Suil 

It is noteworthy that none of the ground cover 

categories nor soil moisture of the soils differed 
significantly. Soil pH, however, did differ signif- 

icantly, and the soils were grouped by type, with 
the Lilbert and Tenaha loamy fine sands in one 

subset and the Bowie and Kirvin fine sandy 
loams in another. These results showed that some 
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Table 3. Test values for one-way analysis of variance and Duncan's multiple-range groupings 

4.27 

23.72 

4.22 0.0003 

Tenaha 

20.67 

3.01 

0s 0.0001 

3.87 >0.0001 

habitat and soil characteristics varied widely 
within a soil type. 

Although Ensminger (1954) and Miller (1957) 
found no differences in earthworm numbers in 
the soils of woodcock and non-woodcock habi- 
tats, Ensminger (1954) noted that probing activ- 
ity increased in more sandy soils. Kroll and Whit- 
ing (1977) noted that the percent of sand in the 
soil influenced diurnal distribution of woodcock. 
In our study, there was no significant difference 
in the percent of sand in the heavily used Tenaha 
soil and in the lightly used Lilbert soil (Table 3). 
This finding indicates that the percent of sand is 
an important restricting factor influencing 
woodcock probing only if it exceeds certain 
limits. We were unable to define these limits 
from our data. 
Our data indicate that percentages of clay and 

gravel were more important than sand or silt in 
affecting woodcock foraging (Table 3). Clay was 
important because higher clay content increased 
the mo’ -e-holding capacity of the soil. 
Increase ivel content probably acted as a 
physical .arrier to probing, especially during 
periods of low soil moisture. The high gravel con- 
tent of the Kirvin soil was because 4 of the 18 
randomly located plots on that soil type were in 

areas where the top soil had been scalped off 
during site preparation. In retrospect, we believe 
we should have systematically located all plots so 
that each plot was in an area characteristic of the 
soil type. 

Conclusions 

We found woodcock foraging associated with 
deep, moderately to well-drained soils, typical of 
upland sites. These soils are quite different from 
the alluvial bottomland soils generally associated 
with woodcock throughout the winter range. 
Soil factors that affected feeding-site selection 
included soil moisture and pH; both were posi- 
tively related to numbers of probe holes. Other 
habitat factors positively associated with probing 
included the percent of exposed soil and the 
foliage density of the stratum at 0.26-0.75 m. 
Factors negatively related to foraging included 
percent of litter cover and the foliage density of 
the stratum at 0.00-0.25 m. 
We noted significant differences in numbers of 

probe holes in the different soil types. The pre- 
ferred soils had relatively low gravel and high 
clay content. Foliage density of all strata above 
0.25 m was higher on the lightly used Lilbert soil 
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type than on the other three more heavily used 

soils. 
Our results suggest several forest management 

practices that could be used to improve wintering 
woodcock habitat in southern pine plantations. 
In upland areas, management efforts should be 
concentrated on sandy soils with high clay and 
low gravel content. Site preparation methods in 
which the area to be planted is sheared and 
debris is raked into long windrows provide better 
habitat than those in which the sheared debris is 
chopped. Hardwood shrubs that grow in the 
windrows provide overstory cover early in the 
rotation. Later, after the pines have grown taller 
than the shrubs, windrows provide escape routes. 
Escape routes within the pines will exist until 
later in the rotation if pine seedlings are planted 
close together in widely spaced rows. Prescribed 
burning of plantations should be performed as 
soon as possible in the rotation. Cool winter 
burns will reduce ground cover without chang- 
ing mid-story foliage density. Finally, to main- 
tain escape routes and prevent foliage from be- 
coming too dense, stands should be thinned as 
early and as often as economically possible. 
These management practices, if used on the 
pruper soils, should allow woodcock to forage in 
southern pine plantations through most of the 
rotation. 
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(Scolopax Rusticola) Populations 
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Abstract 

Few historical data on woodcock (Scelopax rusticola) populations in some European 

countries show an extension of the breeding range to the west, corresponding with a 

population decline in the east during the last century. There is evidence of a population 

movement from west to east beginning about 50 years ago. The hypotheses that have been 

proposed, such as variations in hunting pressure or alteration of habitat, do not explain 

this phenomenon satisfactorily. Some indications suggest that more att«-aion should be 

paid to climatic changes as a possibly major factor for such large-scale changes in popula- 

tion distributions. 

Because the woodcock (Scoivpaa rusticola) 

dwells diurnally in dense forest cover and is 
active primarily at night, its distribution is 
difficult to quantify by direct observation. The 
presence of courting males is presumed to indi- 
cate a breeding population. Although the hunt- 
ing take may give some indication of woodcock 
density, the development of woodcock popula- 
tions has been documented over long periods in 
only a few European countries. The most recent 
breeding range and winter quarters of the Euro- 
pean woodcock are shown in Fig. 1. 

Range Expansion 

Great Britain and Ireland 

The British Isles have probably always played 
an important role as winter quarters for wood- 
cock. According to Alexander's (1945, 1946, 
1947) investigations, however, there were very 
few early breeding records. During the 17th and 

18th centuries, 27 records were reported from 
England, none from Scotland, and only one from 

Ireland. Since 1830 the number of woodcock re- 
maining and breeding in the Isles increased 
markedly, and by 1900, breeding woodcock were 
found in nearly all countries of Great Britain and 

Ireland. Until the 1930's the range expansion 
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continued, with a western tendency, and even 
small islands were occupied (Shorten 1974). Dur- 
ing the last few decades, the populations re- 
mained more or less stable, except for local fluc- 
tuations that were caused mainly by changing 
habitat. The distribution maps of 1940 
(Alexander 1945) and of 1968-72 (British Trust 

for Ornithology, Shorten 1974) show similar pat- 
terns. 

The Netherlands 

At the beginning of the 20th century, wood- 
cock bred only occasionally in the Netherlands, 
but breeding there has increased considerably in 
the last few decades. In 1961, 203 reports of 
courting males, nests, and chicks were recorded 
(Kuiper and Morzer-Bruijns 1962). Correspond- 
ing figures for 1962 and 1970 were 335 (Kuiper 
1963) and 400, respectively, and the population 
growth has continued at least locally into the 
1970's (MOérzer-Bruijns, personal communica- 
tion). 

Denmark 

According to Clausager’s (1972b) investiga- 
tions, although a common migrant, woodcock 
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ig. 1. Breeding range (dotted area) and winter quarters (bety.cen solid line) of European woodcock (from Kalch- 

reuter 1979a). 

have rarely bred in Denmark. During this cen- 

tury, especially in the last few decades, breeding 
records have increased considerably. The first 
inquiry of Jespersen (1942) in 1940 revealed 

100-200 breeding birds concentrated at four 
localities. The population then expanded: 750- 
1,100 breeding females were estimated in 1970; 
850-1,250 in 1972; and during the 1970's, the 
number might well have exceeded 1,500 (Clawi- 
ager, personal communication). 

Other European Countries 

No detailed investigations are available for 

other European countries. Impressions of hunters 
and foresters, however, point to an increase in 
the northern parts of West Germany and Bel- 
gium (Lippens 1977) in recent years. 

There are no historical data from eastern and 
northeastern countries of Europe, the main pro- 
duction areas of woodcock. However, kill statis- 
tics, though gathered only sporadically, repre- 
sent roughly the abundance of migrating and 
wintering woodcock and allow some conclusions 

about the breeding populations in Eastern 
Europe. 

Hoffmann (1867' documented a decline of 

woodcock in the bag from the 18th to the 19tt 
centuries; since about 1840, there are no longer 
records of enormous numbers killed on islands 
along the German Northsea coast, as in some 

years in the past. However, in recent years (in 
spring 1965 and fall 1970 and 1977), masses of 
migrating woodcock were recorded and shot on 

Heligoland. The hunting bag has also increased 
in northern Germany in the 1960's and 1970's 
(Kalchreuter 1..3a), which might have been 

caused in part by the increase of the breeding 
population in Finland since the 1950's (Merikal- 
lio 1958; Jarvinen and Vais&inen 1978). 

Discussion of Possible Causes 

The coincidence of the decrease of the Eastern 
European populations with a gradual rise on the 
British Isles during the 1830's and 1840's strongly 
suggests a geographical fluctuation from east to 
west. The reverse tendency about 100 years later 

is not only demonstrated by the previously 
described increase of breeding populations on the 
adjacent continent, but also by banding recov- 
eries. Five birds, banded on the British Isles, 
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were recovered in spring and summer far to the 
east: two were recovered in Sweden, two in Nor- 
way, and one in Russia near Moscow. The bird 
near Moscow was recovered 2.500 km east of the 
place of |iatching (Kalchreuter 1974). Clausager 
(1974) mentions three more recoveries as much as 

500 km east of the banding origins in Belgium, 
the Netherlands, and northwest Germany. This 
pioneering behavior is in contrast to the high 

homing rates (to the place of hatching) docu- 
mented by most other recoveries (Kalchreuter 

1974) and may thus indicate a mechanism of 
population increase in the east. 

Impact of Hunting 

When populations of game birds decline, 
hunting is commonly believed to be a primary 
cause. Thus in 1806, when numbers of migrating 
woodcock declined, the ancient German game 

biologist Diezel (Hoffmann 1867) expected the 
woodcock to be extinct within a few decades 
“because of the incredible persecution.” His 
opinion was then widely accepted and is even 
today, in spite of the recent breeding population 
increase. Evaluation of recoveries of birds 
banded during the 1970's revealed, however, 
that in the populations that were examined, rates 
of harvest are considerably lower than rates of 
overall mortality (Kalchreuter 19794, 1979b). 

Thus, in spite of the increasing number of 
hunters and despite the annual shooting of about 
2 million woodcock in Europe, hunting may not 
have seriously affected woodcock populations in 
the past and other factors must contribute to the 
observed population fluctuations. Despite hunt- 
ing pressures, new breeding populations have 
built up in Western Europe. 

Effects of Changing Habitat 

Weedcock population increase along the 
Dutch coast has mainly been attributed to 

changes in habitat coinciding with afforestation 
programs (Mérzer-Bruijns, personal communi- 
cation) and reafforestation with deciduous trees 
after windfall of pure spruce forest. Although 
such terrain modifications have provided sea- 
sonal habitats in Denmark (Clausager 1972a), 

local habitat changes cannot fully explain the 

widespread and continuous development of these 
populations. Moreover, the British population in 
most areas has increased much more rapidly than 
the habitat has changed. Alexander (1946) de- 
scribed the increase from the first woodcock nest 
record in a county to its recognition as a “com- 

mon bird” in only 10 years as a “classic example” 

for the expansion of woodcock over the British 
Isles. 

Effects of Climatic Changes 

Although climatic changes should also be 

taken into account, reliable climatic data from 
the last century are not available. Nevertheless, 
Clausager’s (1972a) statements about the recent 

changes of the Danish climate are quite informa- 

tive: the average precipitation was 10% lower in 

April, May, and June and 20% higher in July 
during the period from 1931 to 1960 than in the 
preceding 30 years. At the same time, the aver- 
age temperature was 0.5 Celsius degrees higher 

from April to July and | Celsius degree higher in 

August. The establishment of the Danish wood- 

cock population falls into this period. 
The reproductive rate might have been espe- 

cially affected by such climatic changes because 

of reduced chick mortality in more favorable 
weather during the hatching period, and because 
of improved food conditions during the warm 
and moist summer weather. 

Clark's (1974) evaluation of the wing survey 

from 1962 to 1976 of American woodcock (Philo- 

hela minor) revealed the lowest number of young 
per female in the years when May temperature 
was above average and the smallest number in 

the years when May temperature was below 
average. 

Climatic data similar to thse for Denmark are 
not available for the British Isles during the time 
the woodcock population was expanding. How- 
ever, the relatively low mortality rates, calcu- 

lated from recent recoveries, compared with the 
reproductive potential of woodcock suggest a 
positive population balance (Kalchreuter 1979a). 
These factors may explain the rapid expansion 
over the British Isles. After the carrying capacity 
of the habitat was reached, the population may 
have expanded to the continent. 

The findings summarized here should encour- 
age researchers to pay more attention to climatic 
influences on woodcock populations. 
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Abstract 

About 800 woodcock (Scolopax rusticola), taken during late winter in Ireland, were 

using wear of primary feathers, was found to be satisfactory for determining the age of 

birds until mid-February. after which increased wear on adult feathers caused some diffi- 

culty. There is some evidence that a difference in the structure of the barbules of 

immature feathers may be responsible for the difference in the pattern of wear Females 

were heavier than males, but there was a complete overlap of ranges and a tendency for 

weight to increase during the season. Wing and tail lengths were greater and bill and 

tarsus lengths less in males, but again there was a complete overlap in ranges. Immature 

birds were smaller and lighter than adults in all causes. Data were compared with pre- 
viously published works. There was considerable variation between results, depending on 
the origin of the sample, condition of the material. time of year, and variations in tech- 
nique. We infer that such variation renders the use of biometric data lew than valuable in 
assessing the sex of woodcock. 

The determination of sex and age, and occa- 
sionally the racial structure of a population (or a 
sample thereof), is of major importance if a wide 
variety of topics relating to the ecology and 
dynamics of a species is to be investigated. In an 
apparently monomorphic species, such determi- 
nation is usually very difficult without internal 
examination and is often impossible in the field. 
The European woodcock (Scolopax rusticola) has 
long resisted all efforts to develop reliable, ex- 
ternal characters for age and sex determ ation. 

Intersex and age variations in plumage pattern 

and color and in the color of the soft parts are 
usual in birds and can be useful aids to individual 

identification. Such variation in the woodcock 
has been considered by several workers (Seebohm 

1885; Jackson 1919; Dementiev et al. 1951; 
Witherby et al. 1940; Orlando 1956; Garavini 

1! 
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1958, 1962; Fadat 1973). Of these findings, 
many were contradictory and others have been 
refuted in more recent studies (Fadat 1968; 
McCabe and Brackbill 1973; Clausager 1973). 

In general among the Charadriiformes there is 
a certain degree of sexual dimorphism in body 
size, and to a lesser extent, a variation in body 
size between age groups. There is a general tend- 
ency for females to be larger than males, but the 

reverse is true in many species and biometric 
characters, either singly or combined in ratios, 
are used for sexing a wide variety of species 
(Prater et al. 1977). Little consideration has been 

given to the seasonal variations that have been 
demonstrated for most of these characters (Pien- 
kowski and Minton 1973; Prater 1975; Pien- 
kowski 1976; Macgregor and Jones 1979). 

Variation in bill length in proportion to body 



size is often most obvious. Yarrell (1545) daimed 
that the bill was shorter in juvenile woodcock, 
whereas Ogilvie-Crant (1912) noted that the 

female woodcock bill was almost always longer 
than that of the male. Witherby et al. (1940). 
Dementiew et al. (1951), Clu’ < won Blotzheim et 
al. (1977), and S. Cramp and K.E.L. Simmons 
(unpublished data) give data for woodcock of 
known age and sex. In recent vears the emphasis 
has been on a search for biometric variation to 
distinguish between the sexes. such as is available 
for the American woodcock, Philohela minor 
(Greely 1953, Martin 1964; Artmann and 
Schroeder 1976). 
McCabe and Brackhill (1973) examined a vari- 

ety of biometric characters as well as plumage 
and feather variation in 100 woodcock from Ire- 
land during the winter 1968-69 but found little 
difference between sex or age groups. Clausager 

(1973, described a method of age determination 
for juvenile and adult (more than | year old) 
woodcack based on primary wear, the pattern on 
the primary coverts, and the pattern on the 
underside of the tail feathers. The technique 
based on primary wear is similar to that 
described by Sheldon et al. (1958) for Philohela. 
In addition, Clausager found significant differ- 
ences between male and female bill and tail 
measurements and proposed the use of a ratio of 
these characters which sewed 42% of adult males, 
46% of adult females, 28% of juvenile males, 
and 20% of juvenile females. Stronach et al. 
(1974), with a sample of 614 woodcock from Ire- 
land. used a discriminant analysis of the linear 
function of bill and tail lengths to differentiate 
between males and females. This technique is 
claimed to sex 75% of the males and 72% of the 
females, with a 28% probability of misclassifi- 
cation. 

Material 

A total of 790 birds collected during the sea- 
sons 1975 to 1977 were available for analysis. 
Most of the birds were taken in February by 
members of the National Association of Regional 
Game Councils, under special license from the 
Forest and Wildlife Service and came from coun- 

ties Cork, Mayo, and Donegal. Specimens were 

kept deep frozen antil analysis. 
Birds were sexed by diwsection, and age was 

determined by the method of Clausager (1973), 
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using the pattern and extent of wear on the pri- 
maries. Adult woodcock molt completely 
between July and October (Dementiew et al. 

1951). Primary molt begins in late July and is 
generally completed by the end of September. 
Juveniles undergo a partial molt during the same 

period, but retain all of the primaries and the 
outer secondaries. Thus, at any time from 

October onwards, the primaries of juvenile 
woodcock will be. on average, 2 to 3 months 

older than those of adults. In addition, however. 
Clausager (1973) found that. as was the case with 
Philohela in North Americ. (Sheldon et ai. 
1955), the pattern of wear dered in adult and 
juvenile primaries, and ou: findings confirm his. 

The barbs and barbules of adult feathers appear 
to be more robust than those of the juvenile, and 

examination, the edge and tip of an adult pri- 
mary appear entire. In contrast, in the juvenile 
feathers, barbules snap off the barb at their base 
and, indeed, entire sections of the barb may 
break away, giving a frayed or ragged outline to 

the feather (Fig. 1). The broken barbs are gen- 
erally visible with the naked eve hut magnifica - 

tion of up to 20 x may be necessan to detect such 
wear in the early part of the season or to check 
the identification of adult feathers in the spring. 
Wear is always more noticeable on primaries 7 to 
9. 

We considered primary wear to be more relia- 
ble for age determination than either of the other 
methods used by Clausager (1973). Tail feather 
pattern was considered unreliable because some 

juvenile woodcock may molt some or all of their 
tail feathers before February. The color and size 
of the distal light fringe on the primary coverts 

was found to be more variable than Clausager 

suggested. although generally birds with very 

narrow light fringes showed the adult pattern of 
primary wear and those with broad fringes had 
juvenile-type primaries. The pattern of primary 
covert fringes was useful in some cases where pri- 
mary wear was indistinct or borderline. None of 

the birds examined showed any sign of a Bursa of 
Fabricius. 

Birds were weighed to the nearest 2 g and the 

following measurements taken: wing ‘ength 

(from the carpus to the tip of the longest primary 
along the flattened, straightened, and unspread 
wing), tail length (from the coocyx to the tip of 
the central tail feather along the underside), bill 
length (from the tip to the cere along the upper 
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Fig. i. Scanning electron microscope photographs ( x 300) 
of adult (upper) and immature (lower) primary 
feathers show ing pattern of wear on barbs and 

barbules 

mandible), and tarsus length (from the back of 

the intertarsial joint to the front of the middle 

toe). Means, ranges, standard deviations, and co- 

efficients of variation of ail measurements taken 
are given in Table 1. Also shown are ¢ values to 

test the significance of difference between birds 

of different sex. 

Weight 

Weights of 780 woodcock were extremely var 

iable, with a mean of 307.3 4 24.4 g for the total 
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Fig. 2. Weight distribution of 785 Scolopax rusticola 
taken in February. 

sample (Fig. 2). female mean weight was 

greater than that for males by 6.1 g (310.6424.1 
to 304.54 24.2 g, t=3.548, P<0.001) and adult 

mean weight greater than that of immatures by 

5.9 g (309.6+ 26.0 to 303.74+21.1 g, t =3.478, 

P<0.001), but there was an almost total overlap 
of ranges with the heaviest birds, an adult male 

of 410 g and an adult female of 420 g (both on 

23 February 1975) and the lightest, an adult 

female of 205 g (2 February 1975), talling some- 
what outside the more normal! range of 250 to 

390 g. 

A slight (insignificant) increase in weight was 

observed during February, and a small sample 

(n = 34) of birds taken in the early part of the 
winter showed a peak in body weight in Decem- 

ber-January, falling to a low in early February. 

Data on monthly mean weights (Fig. 3) of wood- 

cock from this study, from Ireland and Scandi- 

navia, data collected from the British Museum at 

Tring, and reports by Glutz von Blotzheim et al 
(1977), Marestrom (1974), and Fadat (1969) 
show a seasonal bimodal pattern similar to those 

exhibited by many littoral scolopacids (Mac 

gregor and Jones 1979). This pattern is closely 

linked to the breeding-migration-molt strategy 

of the species, but similarities can also be ob- 

served with the seasonal availability of lumbri- 
cids and other prey items on or near the surface 

(Bouché 1972). 

a) | 
wi 
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Table 1. Means, ranges, standard deviations, and coefficients of variation of Scolopax rusticola 

Measure Class No. Range Mean Ss C(%) t-test for sex> 

Wing (mm) M a4 182-218 201.51 5.46 2.7 6.450°** 

F 375 186-213 199.12 4.88 25 , 

Tail (mm) M 347 71-98 86.21 3.93 4.6 12. 851°" 

F 331 70-94 82.39 3.81 4.6 ; 

Bill (mm) M 395 58-92 70.91 3.24 4.6 10.264°** 

F 371 46-88 73.% 3.71 5.0 . 

Tarsus (mm) M 245 W.5-39 sw 1.23 3.4 g o11°** 

F 245 33.7-40.8 37.12 1.25 3.4 , 

Weight (g) M 405 250-410 304.48 24.17 7.9 3.548°** 

F 377 205-420 310.61 24.11 7.8 ; 

*Coefficient of variation expressed as a percentage. 
Significance: *** = P < 0.001. 

Body Measurements 

The four body measurements (lengths of wing, 
tail, bill, and tarsus) that were regularly taken 
exhibited far less variation than did weight. 
Wing length for 782 birds ranged from 182 to 
218 mm around a sample mean of 200.44 
5.4 mm. Male mean length was greater than that 
of females by 2.4 mm (201.5245.5 to 199.l+ 

4.9 mm, t=6.450, P<0.001), and adult mean 

length was greater than that of immatures by 
2.0mm (201.145.23 to 199.l2S4-- ‘t= 

4.998, P<0.001). Again, there was a tow: --ver- 
lap of ranges, with the shortest and longest wings 
both belonging to adult males (Fig. 4). 
Wing length data from other stuclies show a 

certain degree of variation, much of which can 
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Fig. 3. Seasonal fluctuations of mean body weight of 
Scolopax rusticola. Sources: | Ireland (Present 
study), Il Scandinavia (Present study), III British 
Isles — British Museum collection, [V France — Glutz 
von Blotzheim (1977), V Sweden — Marcstrom 
(1974), VI France — derived from Fadat (1969) 

be attributed to variations in the condition of the 

material (Green 1980; Knox 1980) and to varia- 

tions in operator technique (Evans 1964; Spencer 
1976). However, the possibility that seasonal or 
regional variations (or both) exist cannot be 
excluded. To exclude the effect of variation in 
operator technique, wing lengths of 127 wood- 

cock in the British Museum at Tring were mea- 

sured by the senior author. These birds were 
drawn from four main areas covering almost half 
the entire world range of the species (Fig. 5). 
There was no significent difference between the 

means for the four areas (F = 0.10107, P>0.05), 

suggesting that operator technique is perhaps the 
greatest variable in wing length data. 

Mean wing length for the 68 birds from the 

British Isles in the collection was 193.94 

7.5 mm. Compared with the mean of the fresh 
specimens of 200.445.4 mm, this finding sug- 
gests a postmortem shrinkage of 3% , which is in 
line with that reported by Prater et al. (1977), 
Green (1980), and Knox (1980). 

Tail lengths renged from 70 to 98 mm about a 
sample mean of 44.3 44.3 mm. Ranges for males 
and females overlapped almost completely, but 
their distributions showed an opposite skew (Fig. 
4) that was quite marked, especially among adult 
birds. Mean male tail length exceeded that of 
females by 3.8 mm (86.2 43.9 to 82.443.8 mm, 
t = 12.851, P<0.001), and adult mean tail length 

exceeded that of immatures by 2.2 mm (85.24 

4.2 to 83.044.2 mm, t = 6.644, P<0.001). As 

with remiges, it is considered that each molt pro- 
duces retrices of increased length. Since some but 
not all immature woodcock molt their tail 
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Fig. 4. Sex variation in biometrics of Scolopax rusticola taken in Ireland. Stippled areas show overlap of distribu- 
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feathers in the autumn (Clausager 1973), tail 

feathers of two different ages exist in the imma- 

ture sample, leading to an extension of the range 

on the positive side. 

ies YS 
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Fig. 5. Map showing range of Scolopax rusticola and 
the four sample areas for which biometric comparisons 
were made. 

Bill length (from tip of upper mandible to 
cere) for 769 woodcock ranged from 42 to 

96 mm. However, the birds with bills of 42 mm 

(an adult female) and 96 mm (an adult male) 

were exceptional, and at least the female was al- 
most certainly deformed (Fraguglione 1979). The 
range for the remaining 767 birds was from 58 to 

88 mm around a sample mean of 72.2+3.7 mm. 

Excluding the two birds mentioned above, there 

was a small amount of non-overlap in the ranges 

(2%), with males from 58 to 80 mm and females 

from 64 to 88 mm. Female mean bill length ex- 

ceeded that of males by 2.6 mm (73.543.7 to 

70.9+3.2 mm, t = 10.264, P<0.001), but there 
was no significant difference between the means 

fo’ adults and immatures (72.24 4.0 and 72.24 

3.3 mm, respectively, ¢ = 0.076, P>0.9). Varia- 
tion in bill length has long been used as an aid in 

sex determination of Charadriiformes, but in 

recent studies dissatisfaction has been expressed 
as to the consistency of the conventional tip-to- 
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cere measure. Pienkowski (1976) showed a sea- 

sonal variation in bill length of knot (Calidris 

canutus) in eastern England that can be 

attributed to seasonal change at the feather-cere 

margin at the base of the upper mandible asso- 

ciated with abrasion and molt or with a seasonal 

change in the growth or wear (or perhaps degree 
of compression) of the rhamphotheca related to 

feeding conditions. Change in the rhamphotheca 

has been suggested for passerines by Stettenheim 

(1972) and could occur in oystercatcher, Haema- 

topus oestralagus (White and Gittens 1974) and 

turnstone, Arenaria interpres (Summers 1976). 

where the rhamphotheca extends well beyond 

the bone. 

X-ray analysis shows that the rhamphotheca 
on the upper jaw of the woodcock extends up to 
2 mm beyond the premaxilla and thus forms a 
well-developed notch into which the lower jaw 
fits (Burton 1974). The tip is relatively hard (in 

comparison with that of the snipe, Callinago 

gallinago) and contains the numerous Herbst cor- 

puscles used in the location of prey (Stettenheim 
1972; Schwartzkopff 1973; N. Stronach, per- 
sonal communication). No evidence exists to 
show that variations in this area occur in live 
Charadriiformes, and it is safe to suppose that if 
any such variations did occur they would be in- 
significant in terms of overall bill length in a 

long-billea species such as the woodcock. Varia- 
tion in the position of the feather-cere margin is 
far more likely, but again data to test this 

hypothesis do not exist for the woodcock. To 
eliminate any such variation, Pienkowski (1976) 

suggested a measure taken to the rear of the 

nostril, and many continental workers favor a 

measure taken to the front of the nostril (nalospi) 
(Fig. 6). Some 240 birds were measured by 

members of staff of the Forest and Wildlife Ser- 
vice, using both the conventional method and 
one or other of these measures. Both measures 

were well correlated with the conventional 

measure (r=0.94 and 0.92 respectively. 
P<0.001), differing by 4.5 and 10.3 mm, respec- 
tively. Bill length was measured for 118 speci- 

mens in the British Museum at Tring. The mean 

value (71.943.9 mm) showed no significant de- 

crease (0.43% ) from the mean for the fresh speci- 

mens (72.243.7 mm, t=0.8149, P>0.4). Sum- 

mers (1976) showed that turnstone bills with the 

rhamphotheca extending well beyond the bone 
may shrink by up to 5.4% whereas sanderling 

(Calidris alba), with a closely fitting rham- 
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Fig. 6. Methods used in measuring the bill of Scolopax: 
A. bill tip to cere (conventional): B_ bill tip to rear of 
nostril: ©. bill tip to front of nostril (nabespi). 

photheca, showed only 2.7% shrinkage. Green- 
wood (1979), however, found no significant de- 

crease in bill length of dunlin (Calidris alpina). 

Any decrease in woodcock bill length due to 

shrinkage of the rhamphotheca may be masked 

by shrinkage and retraction of the cere margin, 
causing a similar increase in apparent length. No 

significant differences were found in the bill 
lengths of birds from the four regions (Fig. 5). 

Mean tarsus length for 490 birds was 36.664 

1.32 mm (range, 30.5-40.8 mm). There was a 

small amount of non-overlap between the sexes 

(accounting for 1.5% of the sample), with males 

ranging from 30.5 to 39.0 mm and females from 

33.7 to 40.8 mm. Mean tarsus length of males 

was shorter than that of females by only 

0.92 mm (36.20 4 1.23 to 37.124 1.22 mm), but 

this difference was highly significant (¢ = 8.211, 

P<0.001). There was no significant difference 
between tarsus lengths of adult and immature 

birds (36.67 + 1.30 and 36.66 + '.36 mm, respec- 
tively; ¢ = 0.126, P>0.9). 

Since the mean bill and tarsus lengths of 

immature and adult woodcock are similar, it 
would appear safe to assume that young wood- 

cock are fully grown with respect to body size by 
their first winter (in agreement with Fadat 

1974), although they are still lighter than adults 

and their immature feathers are shorter. Samples 
of measurements (where available) taken in 

February for each age and sex class in each of 

three years were compared. Differences between 

yearly means are very slight and significant in 
only 2 of 12 cases. It has been suggested that 

immature mallard (Anas platyrhynchos) reared 

in unfavorable seasons may have smaller bones, 
leading to annual variations in immature bone 
measurements (Owen and Montgomery 1978). 
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but this does not appear to apply to weodcock. 
The number of years available did not allow de- 

tailed comparisons to be made, and little signif- 
icance should be attached to these results. 

Ratios 

Many workers have criticized the use of ratios 

as indices for characterizing samples because 
they are usually correlated with size and thus 

misleading for comparison of samples (Northcote 
1979). Ratios in general use contain only two 

characters and thus afford a poor appreciation of 
what may be an involved contrast between 

forms. To compound two characters into a ratio 

implies that there is only one contrast of form to 

be studied and that the unique contrast is well 
assessed in terms of two characters of equal 
weight but opposite sign, which is almost invar- 
iably not the case (Blackith and Rayment 1971). 

Notwithstanding, ratios have frequently been 

emploved to differentiate between groups of 
birds (i.e. , sex classes, regional groups). For char- 

acterizing the sexes of woodcock, a simple ratio 
of tail length:bill length is probably best because 

these two measures are independently variable 

and show the greatest intersex variation and, 
particularly in respect to bill length, the least 
variation with age. Mayr et al. (1953) and Simp- 

son et al. (1960) recommended that comparisons 

of ratios should be obtained as smaller:larger 

ratio rather than vice versa. However, as varia- 

any T T T T T 7 

os os 10 Ww 12 13 14 15 

TAI BALL RATIO 

‘iz. 8. Cumulative distribution of Scolopax nasticola 
tail - bill ratio (solid lines — adult birds, broken lines 

immature birds) 

bility is usually greater for the larger value, the 

reverse is often more convenient. A drawback of 

ratios is that f-tests on comparisons of ratios can 

produce different levels of significance, depend- 
ing on the form of the ratio (Northcote 1979). 

Tail:bill ratios were calculated for 659 bir. 

and their distribution is shown in Fig. 7. The 

tail:bill ratio for 336 males was on average 

1.21840.075 (range 0.95-1.45), and for 32] 
females the average value was 1.12420.077 

(range 0.90-1.70). However, the single female 

with a ratio of 1 70 was the bird previously men- 

tioned with a 46-mm bill that was probably 
deformed. Ignoring this value, males ranged 

from 0.95 to 1.45 and females from 0.90 to 1.35, 
still an almost total overlap of ranges, with only 
1.7% of the sample falling in the zone of non- 
overlap. From the cumulative tail:bill data 
(Fig. 8) for each of the four age—sex classes, it can 

be seen that there is an 80% probability of birds 
with ratio values of 1.20 or higher being males 

and birds with ratio values of 1.15 or lower being 

females. However, 23.5% of the population lies 
in between. Only 1.7% of the birds can be sexed 
with 100% certainty, unlike the 42-43% found 

by Clausager (1973), who used a smaller and 
more homogenous sample. 

As previously mentioned, bills of immature 
woodcock are already fully grown by the first 

winter, whereas their tail length is on average 

shorter than that of adult birds. Consequently, 
the tail:bill ratios for immature birds were less 

than for adults. The average value for 134 imma- 

ture males was 1.20 40.07 and for 118 immature 

females was 1.10 40.07 (compared with 1.234 
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Fig. 9. Scatter of points indicating male ¢ and female 

0.08 and 1.14 +0.08 for 201 adult males and 203 

adult females, respectively). Non-overlap was 
0.79% among immatures and 2.2% among 

adults. 
Devort (1977) favored the use of a tail length 

x wing length:bill length ratio (the indice de 

sexualite [Is] of Fadat 1977). Given that there is a 
high degree of correlation between wing and tail 

lengths, coupled with the inconsistency (seasonal 

and interoperator variation) involved in taking 
wing measurements, we did not consider this 

method suitable for the present study. 

Discriminant Analysis 

The multivariate technique of discriminant 
analyis considers variates collectively. A calcula- 
tion is made of the linear function of the variates 

that results in the maximum separation of the 
required groups. Statistical methods to derive 
discriminant functions are described by D'ackith 
and Rayment (1971). The method of Dixon 
(1973) was followed in the present analysis. 

Some measurements are clearly more sensitive 

to “sexual difference” than others. Bill and tail 
lengths are regarded as the most dependable of 
the five standard measures because they exhibit 
the least seasonal variation. They were combined 
with each other and with wing and tarsus lengths 

to give the following discriminant functions: 

D-1 0.00071 tail — 0.00054 bill = 0.02089 

D-2 0.00064 tail — 0.00057 bill + 0.00012 
wing = 0.03683 
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D-3 0.00072 tail — 0.00051 bill — 0.00027 

tarsus = 0.01373 

The scatter of points indicating male and fe- 

male measurements related to D-] above (males 
above the line, females below) is shown in Fig. 9. 
Some points lie on the discriminant line, while 
many others, both males and females, lie on the 
wrong side of the line. Normal curves for the 
data show that for a combination of tail and bill, 
24.4% of males and 23.9% of females would be 

wrongly sexed (overall, 24.1%). The percentages 
wrongly sexed by combinations of tail, bill, and 
wing and of tail, bill, and tarsus were higher at 
25.1 and 24.4%, respectively. 

for the folhowing combinatic ns: 

D-4 0.00063 tail - 0.00054 bill + 0.00015 
wing - 0.00034 tarsus 

= 0.03185. 
0.00066 tail — 0.00050 bill + 0.00018 
wing — 0.00029 tarsus 

- 0.00004 weight = 0.03323. 
0.00067 tail — 0.00052 bill + 0.00016 
wing — 0.00004 weight 
= 0.03736. 
0.00058 tail + 0.00009 wing — 0.00006 
weight = 0.05769. 
0.00031 wing — 0.00005 weight 
= 0.04837 

D-5 

D6 

D-7 

D-8 

Charactres are weighted in a manner that maxi- 
mizes the separation between the sexes in the 
order tail, bill, tarsus, wing, and weight. 

All eight discriminant functions give similar 

probabilities of misclassification on the order of 
23 to 38%, on the basis that the two most varia- 
ble characters alone would give a maximum of 

38.2%. The best classifications were given by 

D-4 and D-5, with 22.9 and 23.4% probability 
of misclassification, respectively; in view of the 
enormous seasonal variation in weight and possi- 
ble operator variation in wing measurement, 
however, these are of little use in ongong inter- 
operator studies. We believe that D-1 and D-3 
are therefore the most useful discriminant func- 
tions for use in such work, and this conclusion is 
in general agreement with the findings of 

Stronach et al. (1974), who reported a 28% 
probability of misclassification when using a sim- 
ilar function of tail and bill lengths. 
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Conclusions 

It can be seen that despite the significant 

sexual differences in body size and shape. there is 
a very great deal of intersex variation in the 

woodcock. By using any or all of the biometric 
characters that were investigated, only a very 

small percent of woodcock can be sexed with 
absolute certainty; for the majority there is at 

least a 25% probability of the incorrect sex being 
assigned. Clearly this is not satisfactory, and the 

search for a distinctive secondary sexual charac- 
ter must continue. 
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Movements, Home Ranges, and Habitat Use 

of Wintering Woodcock in Ireland 

by 
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Bray, County Wicklow, Ireland 

Abstract 

Twelve radio-marked woodcock (Scolopax rusticola) were studied from 14 November 

1979 to 16 April 1980 near Rathdrum, County Wicklow. The radio-marked woodcock, six 

adults and six immatures, were monitored for a total of 708 transmitter days (range 12 to 

124 days). Distances moved and flight times in relation tu cloud cover at dawn and dusk 

were recorded. Movements at dawn and dusk were regular between diurnal and noc- 

turnal locations. The preferred diurnal habitat type was voung planted coniferous wood- 

land (thicket stage), whereas pasture fields were selected at night. At night. in cultivated 

fields (predominantly winter barley), woodcock selected unploughed margins and the 

small marshy areas situated in some of these fields. The composite home-range area for 11 

radio-marked woodcock (excluding one bird located 4.15 km outside the study area) was 

251 ha, with individual composite home-range sizes varving from 14.9 to 74.4 ha. The 
recurrence of woodcock at the same wintering sites in successive seasons is discussed in 

relation to the findings of this study. 

The woodcock (Scolopax rusticola) is, by tradi- 
tion, hunted in Ireland. Management of this 

species or its habitat during winter has been car- 
ried out without any real knowledge of the bird's 

actual behavior. Until recently, information on 

the behavior of woodcock in winter has been 

largely anecdotal. 

By using retrap data obtained from a wood- 
cock ringing program in Ireland (1974-75 to 

1978-79), Wilson (1980) showed that wintering 
woodcock were faithful to areas of daytime cover 

(<300 ha in size) for short periods (20 days) 
within a winter period and returned to the same 
areas of daytime cover in successive winters. He 

also suggested that the absence of any pattern in 
the occurrence of recaptures in subsequent win- 
ters indicated that woodcock were sedentary 
within any winter period. A subsequent radio- 
telemetry program in Ireland and one in Eng- 
land during winter 1978-79 (Wilson 1980; 

Hirons 1980; G. Hirons, personal communica- 

tion) confirmed fidelity not only to areas of day- 

time cover but also to groups of fields at night in 
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the short term (6 weeks), even under adverse 
weather conditions. Local movement (within 

10 km of the study area) was recognized as a 

consistent, though minor, element of winter be- 
havior. 

The present paper presents information on the 
diurnal and nocturnal movements, habitat pref- 

erences, and degree of fidelity shown to areas of 

daytime cover and nightime fields by individual 
radio-marked woodcock during one winter. 

Study Area Location and 
Habitat Types 

The study area was located 3 km north of 

Rathdrum, County Wicklow. The area lies on 

the eastern edge of the Wicklow mountains at an 

altitude between 115 and 285 m above mean sea 
level. The topography is rolling. The soils are 
acid brown earths and associated brown pod- 
zolics derived from mica-shist glacial till and 



underlying Ordovician shale (Cardiner and 
Ryan 1969). 

An arbitrary boundary encompassing the com- 
posite home range of the radio-mar*-d woodcock 
defines the study area (Fig. 1). The total study 

area is 490 ha, of which 247 ha are planted 
coniferous woodland, including a small stand of 
semi-natural oak (Quercus petraca} woodland. 

The remainder is agricultural land, of which 

72.5 ha are pasture and 170.5 ha are cultivated. 
Six major habitat types are recognized and 
described, together with the percentage occur- 

rence of each habitat tvpe on the 490-ha study 
area. 

Coniferous plantation (18.8%). —Planted 
coniferous woodland, 13 to 23 years old or 

thicket stage, averaging 8 m high and consisting 
of the following species, established mostly in 
pure blocks: Sitka spruce (Picea sitchensis), 
Norway spruce (Picea abies), Douglas fir 

(Pseudotsuga menziesii), Scots pine (Pinus 
sylvestris), Corsican pine (Pinus nigra var. 

maritima), and Japanese larch (Larix leptolepis). 

Ground vegetation is generally sparse or absent, 
especially beneath the tightly closed canopy of 
spruces and fir. On the fringes of the woodland 
blocks, along roads and ride-lines (unplanted 
strips 6-8 m wide within the woodland area), 
and in openings within the woodland, grasses 
occur with occasional patches of bracken 
(Pteridium aquilinum), bramble (Rubus spp.). 
and gorse (Ulex gallii). 

Coniferous plantation (24.5 % ). — An area pre- 
dominantly occupied by semimature cr pole- 
stage Scots pine (averaging 18 m) planted be- 
tween 1926 and 1947 and managed for timber 
production. It has well-developed ground vege- 
tation consisting of grasses, bramble, bilberry 

(Vaccinium myrtilus), and woodrush (Luzula 
sylvatica). 

Oak (0.8%).—A small area of semi-natural 

sessile oak woodland with an understory of birch 

(Betula pubescens) and willow (Salix spp.). 
Woodrush and bilberry predominate in the 
ground vegetation. 

Clearcut (6.2%). —A clear-felled area within 

the main woodland block, replanted recently 
(2-3 vears ago) with Douglas fir, Japanese larch, 
and Noble fir (Abies nobilis) that have not vet 
attained an average height of | m. There is natu- 

ral regeneration of birch, mountain ash (Aucu- 
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Fig. 1. Map of the study area, showing the habitat 
types and the composite home range boundary for 1 
radio marked woodouck. 

paria aucuparia), and holly (Ilex acquifolinm), 
although the area is heavily browsed by deer. 

The ground vegetation is dominated by grasses, 
bilberry, and woodrush, with bramble and 
heather (Calluna vulgaris) locally abundant. 

Pasture (14.9% ). — Fields of permanent, ferti- 
lized grassland grazed by sheep and cattle until 
late autumn (November). Field sizes vary from 
2.3 to 7.3 ha (average, 4.5 ha). All fields are sur- 

rounded with stone and earth banks that support 
a variety of tree species, including oak, ash 
(Fraxinus excelsior), and sycamore (Acer pseudo- 

plantanus); shrub species, namely holly, gorse, 
hawthorn (Crataegus monogyna), and willow; 
and a ground vegetation that includes grasses, 
bracken, and bramble. 

Cultivated land (34.8%). —Winter barley 

(Hordeum spp.), sown in October, oo “tred on 
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80% of this area (170.5 ha): the remainder wz: 
ploughed in preparation for spring sowing of 

cereals. Field sizes varied from 1.3 to 67.2 ha 
(average. 10.9 ha). Winter barley formed a loose 
sward 3-5 cm high on the fields for the period of 

the study. Unploughed margins (about | m 

wide) occurred around the periphery of each 

field and supported a gras sward. Certain of the 
winter barley fields contained wet marshy areas 

ranging from 0.2 to 1.8 ha isee Fig. 1). These 

areas were characterized by a high water table. 

by being unploughed, and by supporting a vari- 
ety of grass species. rushes Juncus spp.). and wil- 

low on parts clase to field boundaries. 

Methods 

Radiotclemetry Procedures 

A total of 12 woodcock at the study area were 

equipped with transmitters between November 

1979 and January 1980. The woodcock were 
caught in mist nets placed across forest roads and 
wt for birds arriving at dawn (Wilson 1980). 

Each woodcock was weighed, measured, ringed. 
and aged by the method of Clausager (1973) and 
then fitted (Wilson 1980) with one of two types 
of transmitters. Transmitters were powered by 
mercury or lithium batteries. The lithium-type 
trans aitter was 36% heavier but operated more 
than twice as long as the mercury-powered type. 
Both transmitter types were used for this study 
because the efficiency of the mercury type was 

greatly reduced by periods of cold weather with 

frost or snow and although the lithium transmit- 

ter overcame this problem, it was heavier and 
more bulky. It was considered safer to employ 
the two types of transmitters alternately during 
the study period, in case the lithium transmitters 
should prove too heavy or cumbersome for wood- 
cock, 

When they were released (close to capture 

points), the radio-marked birds flew an average 

of 10le72m (x¢SD), usually along a forest 

road, before pitching into adjacent cover. Birds 
that did not acclimate to the radio package on 
the first evening after radio-marking were 

flushed the following morning to observe the 
effects of the transmitter package on flight. This 
process was maintained until the bird voluntarily 

flew at dusk from cover, usually 1.4 days after 

radio-marking (range, 0.4 to 3.4 days) 
Radio-marked birds were located on foot by 

BEST DOCUMENT AVAILADLE 

using a portable receiver (Model LAI2. AVM 

Instrument Company) and a_ three-clement 

hand-held vagi antenna. Maximum transmitter 
range was about 8.0 km. but tracking and fixing 

of positions was normally undertaken (using tri- 

angulation) at distances less than 200 m on fields 

at night when the radio-marked birds could be 
readily placed within a particular field, and was 
performed at much closer range when a bird's 
position was uncertain. The presence of a high 
lensity of forest roads and ride-lines allowed 

diurnal positions in cover to be “fived™ at dis- 
tances generally lew than 100 m. 

Home Range and Habitat 
Use Measurements 

The position of each bird was determined at 

dawn and dusk in both its habitats (nocturnal 
and diurnal) and recorded on habitat maps of the 
study area (scale, 1:10.560 m). Winter home 

ranges (i.c., diurnal, nocturnal, and composite) 
of each radio-marked woodcock were measured, 
using a planimeter, from the polygon formed by 
connecting the outermost location points. Ooca- 
sional locations (sallies) more than 2 km from the 
study area were ignored in home-range calcula- 

tions. Within each woodcock’s diurnal and noc- 
turnal home ranges, the smallest area encom- 

passed by at least 67°% of the location points was 
designated an activity center (Horton and 
Causey 1979). 

Nocturnal and diurnal locations obtained 
within the voluntary flight period but excluding 

nonclassifiable (habitat) locations (about 3% ) 
were plotted on habitat maps. The number of 
diurnal and nocturnal locations per bird by age 

class was recorded for each habitat type. Using 
these data and the areas of each habitat type 
within the composite home-range boundary (see 

Fig. 1), a modified habitat preference index 
(MP1) was calculated (Wenstrom 1973). Habitat 

preference and intensity of use were tested by 
Chi-square analysis, and a probability level of 
0.05 was used to indicate significance. 

Cloud cover and departure times at dawn and 
dusk were noted for selected radio-marked birds 
throughout the study period. 

Marking Results 

Migratory woodcock joined the small resident 

population of birds on the study area in late 



Table |. Periods of recording and details for 12 radio-marked woodrock. 

and Weight Tranunitter Date End of tracking Transmitters Data’ Birds 

age ig) type equipped penod days davs Notes 

Adult 

A wy L 22 Now 1979 6 Mar 1980 474 44 Transmitter failed 

B 285 M 22 Now 1979 9 Dec 1979 18 16 Transmitter failed 

c ws 1. No 1979 2 Mar 1980 im4 121 Migrated 

D 30 L W Now 197914 Dee 1979 15 is Died. bill caught in 

harness 

F ww L DB) Dee 1979 4 Apr 1980 107 106 Migrated 

F 5 L 14 Jan 1980 16 Apr 1980 93 3 Migrated 

Immature 

CG m) M 14 Now 1979 5 Dee 1979 2 i9 Transmitter failed 

H 335 M 16Ne 1979 13 Dec 1979 as ea) Transmitter failed 

I 283 ML 23 New 1980 ~=—s«1'T:~ Maar 1980 116 116 Recaptured, trans 

mutter removed 

J 30 L 19 Dec 1979 80229 Mar 198) 102 2) Migrated 

kK 30 L 12 Jan 1980 24 Jan 1980 12 4 Died, broken tip to 

lower mandible 

L. 296 M 15 Jan 1980 & Feb 1980 24 2i Transmitter failed 

“Transmitter days = the number of davs a tranunitter functioue. 

“Data days = the qumber of days from which locations were used, excluding a period of adjustment following 

radio- marking. 

‘L = lithium-powered transmitter; M = mercury-powered transmitter. 

“Bird A was located 4.15 km cast of the study area capture point 59 days after radio-marking. 

autumn. They arrived in early November 1979 
(sudden appearance of flighting woodcock at 
dawn and dusk) and were present until late 
March to mid-April 1980. Twelve woodoock (six 

adults and six immature) fitted with radio trans- 
mitters in November and December 1979 and 
January 1980, were monitored for periods of 12 
to 124 days (x = 59) from 14 November 1979 to 

16 April 1980 (Table 1). Ten of the birds were 
first-time captures and two were recaptures, one 
from 13 January 1978 and the other a radio- 
marked bird from the previous winter (30 Jan- 
uary 1979) with its radio transmitter still in 
place. 

The .. birds were successfully radio-tracked 
for a total of 78 days, yielding 685 data days 
and 2,229 locations in diurnal and nocturnal 
habitats. Two birds died within 12 and 15 days 

of radio-marking, the first from starvation due to 
a broken tip of the lower mandible (possibly sus- 
tained when released) and the second from en- 
tangling its bill in the transmitter harness. Four 

other instances of the bill becoming trapped in 
the transmitter harness were recorded, three 

times with Bird I and once with Bird B. In these 
instances the harness had loosened slightly, and 
the problem was remedied by tightening the 

harness or equipping the bird with a new trans- 
mitter package. 

Birds G and H were recaptured in mist nets 7 
and 5 days, respectively. after radio-marking. 
The weight of Bird C was the same as when it 
was radio-marked, but Bird H had lost 2% of its 
body weight; when Bird | was found after 116 
days with its bill caught in the transmitter 
harness, it had lost 3% of its body weight. Slight 
feather wear (axillary region) was apparent only 
on Bird I after 116 days. 

The radio-marked woodcock adapted quick!y 
to the transmitter packages, which did not 

appear to influence their normal activities or 
cause injury even after prolonged use. Birds with 
the heavier lithium-battery transmitters moved 
the greatest distances; for instance, Bird A 
reestablished itself 4.15 km from its capture 
point and on two occasions used an alternate 
woodland block 7.9 km away as daytime cover, 

and four other birds moved to fields at dusk of 
the day they were radio-marked. 

At night, three of the radio-marked birds ini- 

tially favored the use of a clearcut area adjacent 

to their daytime cover (1 to 9 nights), which sug- 

gested either thet the period of acclimatization 

may be longer jor some birds than for others or 
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big. 2. Spatial distribution of the diurnal and nacturnal 
home ranges of 4 radio-marked woodcack on the 
study area, including the diurnal and nocturnal 
home range of bird F from the previous season 
(1978-79). 

that the birds might have been roosting there, as 

clearcut areas are frequently used as roosts at 
night during the breeding season (C. Hirons, per- 
sonal communication). After the third night 
these birds, in common with the other radio- 
marked birds (except for Bird GC), adopted regu- 
lar movements at dawn and dusk between day- 

time cover and nightime fields. Bird GC was 

radio-marked on 14 November 1979 and never 

left the woudland area during the 22 days it was 

monitored but frequented an area of thicket- 
stage woodland both day and night (Fig. 2). This 
bird, however, changed position regularly at 
dawn and dusk in common with the other birds. 

Since it was an immature, such behavior suggests 
that it may have been bred locally and had not 
yet acquired the necessary stimulus to move to 
fields at night. 

Crepuscular Movements 

The crepuscular movements of 12 radio-marked 
woodcock were recorded at dawn and dusk as 
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The flight distances recorded at dusk by wood- 
cock in this study were intermediate between 

those recorded by Hirons (1980) at two sites in 

Multiple flights (i.c., when birds landed on a 
field, remained for a few minutes, and then flew 
to # new position) occurred on 1% of dawn 

marked woodcock are given in Table 2. On the 

basis that locations were recorded at the begin- 
ning and end of the diurnal (n = 457) and noctur- 

tions regularly (31%) and their diurnal positions 

less frequently (5%; Table 2). Hirons (1980) 

Meld cine. such os weather condities or the 

search for unfrozen feeding areas (Hirons 1980; 



Table 2. Mean distances (+ SD given in parentheses) flown at dawn and dusk and incidence of 
diurnal and nocturnai changes in location shown by 12 redio-marked woodcock. 

Mean drstamr (m) 

flown at Drurnal!l perod Nacturnal pernad 

Birds and Davs iaceten = Distance Noghts Lacaton Destarce 

age Dawn Dus checked changes mewedim) checked) = changes moved im) 

Adult 

A 40 (iG — «414 (163) 0 G ~ 14 44> 140 4) 

BR 1.092 (3961) 1.107 GM) 7 0 . . 22) Feo 3) 

Cc 1.196 (244) (1.151 (229) a rT) _ Pm) 3116) 38 352 Gl) 

D 7H 4%) 8 ST 14) 4 v0 , s 3°03) 420 8) 

E 473141) 470 152) 74 $7) &2 (25) 70 2 Bis 

F TRUS) = 75H (902) 76 46) 72 22) 33 nis) =o CG) 
Immature 

G DOT (163) 169 (126) 5 i (12) i170 6 0 

i 245 (06y)=—s «273. (324) 10 11m 105 7 0 - 

2 ist =e LY) 3 0 . 7 1 (14) « 

I TIS (140) = (155) 91 7 ®) MW) “4 Wy BWI Is) 

j 24 (96) 268 (102) e 46) 78 (35; 71 3132) «69S 1) 

K 92s), =F 51) hy 0 4 667) WS (192) 

L 60 (244) Ol (1s) 0 0 1s 42> Iw) 

“Numbers in parentheses indicate percent 

“Excludes two return flights to other areas of daytime cower. 7.86 and 7.95 km distant 

(Distances between daytime cover and clearcut area (N= 6) 

“Distances between daytime cover and mghttime fields (No = 12) 

Wilson 1980), but during the winter under dis- 

cussion periods of frost and snow were short and 
infrequent. 

In daytime cover, by contrast, only six radio- 
marked woodcock were recorded as changing 
their locations on 22 occasions (5%). However, 

by monitoring the activity of radio-marked birds 
continually in daytime cover, activity was shown 
to be highly variable (from < W to > 70% of 
the diurnal period) among individual birds on 
the same day and for the same individual from 
day to day (Wilson, unpublished data). Hirons 
(1980; GC. Hirons, persoral communication) 

reported that woodcock in Cornwall were active 
in cover in 25% of the 5-min periods he moni- 
tored in 1978-79 and 18% in 1979-80, with a 

tendency for birds to be more active in the period 
before midday and immediately before the eve- 
ning flight. 

Although the factors that determine the degree 

and vattern of activity ssown by radio-mai ked 

woodcock in daytime cover remain obscure, 

directional movement appears minimal. The 
detection of such movement will always be 

limited by the accuracy of the vechnique used in 

determining the exact location of the radio- 

marked birds. 

Local Movements 

Ring recoveries in the present study (Wilson 
1980) have indicated that a small number (1.9% ) 

of woodcock move locally (Le., after being 
banded in the study area, they have been recov- 
ered within 10 km of it), Radio-marked birds 
have als. shown this tendency to move locally. In 
the previous winter, one bird used a streamside 
strip of scrub 2.3 km from the study area (Wilson 
1980) as did Bird A in the present study 
(4.15 km). On two further occasions, Bird A also 
moved about 8 km to areas of daytime cover, 
only to return to its home-range area at night. 

Bird F disappeared on three occasions during the 
diurnal period, to reappear on the fields at night 
shortly before it migrated. Local movement is 

therefore a definite if minor constituent of the 
overall winter behavior pattern. To date, there 
have been only two ring recoveries (Wilson, 

unpublished data) to suggest that woodcock 
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Table 3. Dawn and dusk flight times (from December 1979 to March 1980) of 6 adult and 6 immature 
radio-marked woodcock in relatio: to sunrise and sunset under different cloud conditions. Data 
are given in minutes before sunrise or after sunset with the values representing mean + standard 
devi: ‘en. Numbers in parentheses indicate sample sizes. 

a ___ Cloud cover _ ee 

Pernod Agee OS __ 3-23 __2/3-Total 
Dawn Adult 57.9+ 9.9 (46) 48.82 9.4 (27) 42.7+9.1 (56) 

Immature 51.725.2 Gl) 45.72 4.1 (19) 38.22 7.0 (35) 

Dusk Adult 49.7+7.7 (36) 44.8+ 6.5 (43) 33.6 + 8.2 (105) 

Immature 44.525.3 (29) _ 41.724.1 (36) — WAt54 GA) 

choose alternate wintering regions either within 
the country (112 km) or in other countries (e.g., 
France). 

Crepuscular Flight Times 

The flight times of all 12 radio-marked wood- 

cock were recorded and related to prevailing 
light conditions as characterized by three cate- 
gories of cloud cover between December 1979 
and March 1980 (Table 3). The 12 radio-marked 
woodcock moved at dusk to nightime fields be- 
tween 8 and 63 min after sunset. They returned 
at dawn to daytime cover between 73 and 
19 mn before sunrise. For adults, the time span 
of the dusk flight was 8 to 63 min and for imma- 
tures, 16 to 59 min after sunset; at dawn the cor- 

responding figures were 73 to 27 min and 68 to 
19 min before sunrise. 

Both age groups of woodcock flew at signifi- 
cantly different times (P<0.05, t-test) at dawn 
and dusk under the three different cloud covers. 

Adult woodcock at dawn departed significantly 
earlier than immature woodcock (P<0.05, 

t-test) under cloud conditions 1 and 3. At dusk, 

adults flew later than immatures (P< 0.05, t-test) 

under cloud conditions 1 and 2. 

Under all categories of cloud cover, woodcock 

flew at lower light intensities at dawn than at 
dusk, as indicated by departure times; this prob- 
ably reflects the generally brighter conditions 

prevailing in cpen habitat (fields) in comparison 

with closed habitat (woodland) at any one time. 

The difference is quite distinct, even allowing for 

the woodcock’s habit of moving to woodland 

edges or operings before the dusk flight (marked 
and unmarked woodcock, personal observation). 
Nemetschek (1977) and G. Hirons (personal com- 
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munication) report that breeding males display 
at lower light intensities at dawn than at dusk. 

Home Range and 
Activity Center Sizes 

Sizes of diurnal, nocturnal, and composite 
home ranges and of the diurnal and nocturnal 
activity centers for each radio-marked woodcock 

are given in Table 4. Mean diurnal and noc- 
turnal home-range sizes were 8.427.5 and 
25.04 10.8 ha, respectively. For adult wood- 
cock, mean diurnal home-range size was 

6.9+7.1 ha, and mean nocturnal home-range 

size was 28.7+7.1 ha. Similarly, mean diurnal 

and nocturnal home-range sizes for immature 

woodcock were 9.648.3 and 21.9213.0 ha, 
respectively. All diurnal home ranges were 
within the woodland area except for Bird A, that 
located outside the study area (4.15 km) within a 
streamside strip of scrub (birch, alder, willow, 

gorse, and bramble), with its most distant loca- 

tions 485 m apart. Nocturnal home ranges were 
confined predominantly to the agricultural land 
area, with the exception of the clearcut area 
which was used by three birds for short periods 
soon after they were radio-marked. Bird G never 

left the woodland area during the 22 days that it 
was monitored. 

The total composite home range of 11 radio- 

marked woodcock in this study was 251 ha. 

Hirons (1980; G. Hirons, personal communica- 

tion) reported that in Cornwall, in winter 
1978-79, five woodcock had a composite home 
range of 146 ha, and in the same study area the 
following winter, six woodcock occupied 132 ha. 

Individual home ranges in the present study 
(average 44 ha; range 14.9 to 74.4 ha) were also 
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Table 4. Sizes (in hectares) of diurnal, nocturnal, and composite winter home ranges (HR) and di- 
urnal and nocturnal activity centers (AC) for 12 radio-marked woodcock (1,119 diurnal and 1,110 

nocturnal locations). Numbers in parentheses indicate percent of locations used in defining activity 
center izes. 

Birds and age _HR AC 
Adult 

A 2.2 1.5 (67) 

B 17. 0.6 (73) 

Cc 0.9 0.2 (96) 
D- 10.5 0.8 (74) 

E 3.9 0.1 (72) 

i” 1.7 0.2 (74) 

Immature 

Cc 5.7 0.6 (70) 

He 18.8 0.2 (67) 

I 5.4 0.2 (79) 

J 0.2 (71) 

kK 8.1 _ 

L . 20.7 . 0.2 (81) a 

*Woodcock that used two nocturnal activity centers. 

Nocturnal 

HR AC Composite HR 

26.0 8.5 (68) 35.8 
31.7 4.2 (67) 744 
31.9 1.2 (68) 61.3 
32.5 2.1 (80) 33.1 

0.7 (70) 
16.0 3.9 (69) 0.0 
31.3 2.1 (79) 54.5 

5.5 0.7 (75) 12.1 
26.0 0.6 (68) 37.7 

2.3 (72) 
31.8 2.6 (70) 64.2 
12.8 1.0 (71) 14.9 
40.0 ~ 44.1 
15.2 1.5 (79) 64.8 

»Corresponding data for bird F (as an immature) from the previous winter (1978-79): 0.1, 0.1 (69), 10.5, 1.5 (77). 
35.6. 

much larger than those reported for England 
(average 21.4 ha; range 6.8 to 32.8 ha). Com- 

parisons between nocturnal and diurnal home- 
range sizes were not possible. The smaller indi- 

vidual and overall composite home ranges in 
England presumably reflect the shorter average 

monitoring periods there (29 days compared 

with 59 days in Ireland), as individual home- 

range sizes in the present study continued to in- 

crease after 29 days (between 13 and 57%). Dif- 
ferences in the study areas are also important 
The study area in Cornwall comprised small 
amounts of woodland cover (< 40 ha) and moor- 

land adjacent to an extensive field area that was 

predominantly permanent pasture (>95%). 
Permanent pasture, the preferred nocturnal 
habitat of the woodcock in winter, was more 

immediately available in Cornwall, as evidenced 

by the shorter average flight distances there 
(444 m) in comparison with those in Ireland 
(651 m) and northern England (1,035 m), where 
pasture fields ere scattered among and outnum- 
hered by cultivated fields. 

Activity centers (Fig. 3) were demarcated 
within the diurnal and nocturnal home ranges of 

10 radio-marked woodcock (Bird K was excluded 
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due to insufficient data). The mean size of diur- 
nal activity centers was 0.320.2 ha, and that of 
nocturnal activity centers was 1.9+1.2 ha. 

Mean sizes of diurnal and nocturnal activity cen- 
ters for adults were 0.420.3 and 2.441.4 ha, 
respectively, and for immatures were 0.340.2 
and 1.44#1.0ha, respectively. Two radio- 
marked woodcock (D and H) used two nocturnal 

activity centers. Bird H first established a noctur- 

nal activity center within the clearcut area for 9 
nights before starting to use a second activity 

center on the nightime fields. It returned again to 

the clearcut area for 2 nights before its trans- 
mitter malfunctioned. A similar pattern of activ- 
ity center use was shown by Bird D. Both birds 
were monitored for short periods (D for 28 days, 
and H for 16 days), which suggests that each ini- 
tial nocturnal activity center may have been re- 
lated to a continuing period of adjustment to the 
transmitter package. One other radio-marked 
bird, Bird J, used the clearcut area for a single 
night, as did other unmarked birds (also see VW il- 
son 1980), 

The extent of overlap between the home 
ranges and activity centers of Bird F, first moni- 
tored as an immature bird in the winter season 
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Fig. 3. Spatial distribution of the diurnal and nocturnal 
activity centers of 10 radio-marked woodcock. The 
degree of overlap in the diurnal and nocturnal activ- 
ity centers of bird F from one season (1978-79) to the 
next (1979-80) is indicated. 

1978-79 (Wilson 198) and as an adult bird in 
the 1979-80 season, is shown in Figs. 2 and 3. 
Bird F was recaptured within 50 m of its original 
capture point and adjacent to its 1978--79 diurnal 
activity center. It moved that evening directly to 

the pasture field on which it had been monitored 

gle example underlines the high degree of fidelity 
to areas of daytime cover and nighttime fields 
and offers an explanation for the recurrence of 
woodcock in successive winter seasons, very often 

caught in the same pocket of a net set at the same 
net site (Wilson 1980). 

Diurnal and Nocturnal 

Habitat Use 

Modified habitat preference index values 
(Table 5) indicated that, by day, radio-marked 
woodcock selected young planted coniferous 
woodland (thicket stage) and, by night, pasture 
fields (P< 0.05). Of the nocturnal locations of 10 
radio-marked woodcock, 32% were situated in 
cultivated fields. When this habitat type is sub- 
divided into three categories—(a) an open field 
area (77.8 ha) of winter barley or ploughed 
ground, (b) unploughed field margins about 1 m 
wide (3.2ha), and (c) small, isolated wet 

marshes (2.4 ha) within some of these fields — it 

can be shown that categories (b) and (c) were 

preferred (P<0.05). At night, woodcock thus 

preferred permanent pasture areas, whether 
represented by pasture fields, unploughed field 
margins, or marshy areas. Very little use was 
made of the large areas of winter barley (see also 
Wilson 1980 and Hirons 1980), though personal 
observations during the present study showed 
woodcock “dibble” marks (probe holes) in these 

fields. The choice of permanent pasture is clearly 

Table 5. Habitat Preference Index* (HPI) and Modified Habitat Preference Inda® (MP1) values for 
diurnal and nocturnal habitat types within the total composite home range of 11 radio-marked 

Percent of 

Habitat type Area (ha) total area 

Thicket 68.4 27.2 

Pole 31.1 12.4 

Oak 0.4 0.2 

Clearcut 14.1 5.6 

Pasture 53.6 21.4 

Cultivated 83.4 33.2 

Totals 251.0 100.0 

woodcock. Preference increases as MPI values approach HP! values. 

— Diurnal —_——séNoocturnal 

HPL MPL sé MPI 
2.72 °.72 0.08 0.03 

1.93 1.06 ~ - 

1.0 0.098 _ - 

0.9 0.05 0.46 0.08 

- _ 2a; 267 

_ _ 0.95 0.fa 

*HPI = (percentage locations within habitat type/ percentage habitat type within total compesite home range). 

>MPI «= ih 

woodcock) 
* (number of radio-marked wooJcock located in habitat type/total number of radio-marked 
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linked with food availability, which is yet to be 
investigated. 

All woodcock radio-marked in this study were 

mist netted at dawn as they entered daytime 
cover (i.e., planted coniferous woodland, thicket 
stage) because the capture technique could not be 
applied successfully elsewhere in the study area 
(Wilson 1980). Diurnal habitat preferenves as 
shown by this study may therefore be biased in 
favor of thicket-stage plantations, since nine 
woodcock continued to use this habitat type as 
daytime cover. Two birds used nearby pole-stage 
plantations of Scots pine, and one used a stream- 
side strip of scrub outside the study area. The 
pole-stage woodland occupied nearly 25% of the 

study area; by using dogs, it was demonstrated 

that unmarked woodcock used such areas as day- 

time cover where the ground vegetation was well 

developed, particularly beneath pines and 
larches. Coniferous plantations may be at their 
most suitable as daytime cover for woodcock at 
two stages: (a) at the thicket stage and (b) at a 

later stage (pole/mature) when timber removal 
allows greater light penetration for ground vege- 

tation to reemerge or reestablish itself. This latter 

stage is reached much earlier under pines and 
larches than under spruces and firs. Plantations 
in the phase intermediate between (a) and (b) 

have been shown to hold few woodcock (Wilson 
1980). 

Wintering Strategy of Woodcock 

The recapture of woodcock in successive sea- 
sons (13.9%) has been reported for four study 

areas over a 4-year period (Wilson 1980). 

Moreau (1972) discussed the recurrence of cer- 
tain migratory species of the orders Passeriformes 

and Charadriiformes on their wintering grounds 

in Africa and states that “clearly the evidence for 

pin-point recurrence in successive seasons gives 
support to the opinion of Isakov (cit. Salomon- 
sen) that ‘most species of birds form minute so- 
called elementary populations. “he members of 
these populations not only breed in the same 
limited area but follow the same migration route 
and winter in the same area.’ ~ 

Wintering site constan y #n Passerines has been 

linked to a plentiful supply of available food 
(Finlayson 1980). The advantages of returning to 

a wintering area with a known food supply must 
be great. But year-to-year differences in, for 
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example, weather conditions, farming practice, 
or numbers of birds can alter the available food 

supply, thus influencing whether a bird will re- 
turn to ‘ts previous wintering area or seek an 
alternate one. 

Evidence has recently become available on the 

fidelity of woodcock to breeding areas from sea- 
son to season (GC. Hirons, personal communica- 

tion). Through the present study, the woodcock’s 

habitual use of restricted wintering areas within 

one season, for the duration of that season, and in 

successive seasons has now been established. Evi- 

dence of search for alternative wintering sites, 

excluding local movement (< 10 km), remains 

minimal, and as yet no direct evidence exists that 

periods of severe weather within a winter period 
stimulate “cold weather movements” of wood- 

cock. The woodcock’s need for an essentially 
frost-free environment to obtain its food during 

the winter probably governs its choice of winter- 
ing area. Familiarity with its wintering home 

range, acquired in its first season, then influences 
its choice in successive winters. It is probable, 
therefore, that sedentary behavior, coupled with 
the species’ ability to increase weight rapidly in 
early winter (Rochford and Wilson, this 
volume), will assist survival, particularly in any 
subsequent periods of severe winter weather. 
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Abstract 

The courtship displays and mating systems of Philohela minor and Scolopex rusticola 
are compared. Male Philohela are apparently promiscuous and display solitarily above 
small forest openings, areas which they defend against other males and in which mating 

takes place. Male Scolopax are successive polygynists; they defend neither an exclusive nor a 

specific area to which females are attracted, but instead perform extensive display flights 
above the forest canopy in search of females. When a receptive female is found, the male 
accompanies her constantly for several days prior to dutch completion before resuming 
display flights. The evolution of the polygynous mating systems found in these two species. 

and the ecological factors that may have favored the observed differences, are discussed. 

We believe that more research is needed, particularly on the behavior and significance of 

subdominant males. 

Counts of displaying males are used to monitor 
population trends in the American woodcock, 
Philohela minor, and to estimate densities of 
breeding European woodcock, Scolopax rusti- 
cola (e.g., Merikallio 1958). However, because 

our understanding of woodcock breeding systems 
is so fragmentary, the reliability of these methods 
is difficult to assess (Owen 1977; M. Shorten, 
personal communication). The present paper 

summarizes what is known of the breeding 

behavior of both species and identifies gaps in 
our knowledge. The aspects considered are mat- 
ing system, courtship displays, breeding season, 
and breeding habitat. Our intention is to gener- 
ate ideas for further research from which should 

stem improvements in the methods used to assess 
woodcock populations in the Jreeding season. in 
addition, we consider the ecological factors that 

may have favored the differences observed be- 
tween the polygynous mating systems and court- 
ship displays of the two species, and we speculate 
on their occurrence within a family (Scolopaci- 
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dae) in which monogamy is the usual condition 
(Lack 1968). 

Information on the breeding behavior of 

Scolopax is taken mainly from a recent (and con- 

tinuing) radiotelemetry study in Derbyshire, 

England (Hirons 1980; Hirons and Owen 1980), 
while that for Philohela is our own interpretation 
of the extensive literature on the subject (see par- 

ticularly Sheldon 1967). 

Mating System 

Unlike most shorebirds (Lack 1968), neither 

Scolopax nor Philohela is monogamous. Paternal 

care is absent in both species, and there is no evi- 

dence of territorial behavior by females or broods 
(Sheldon 1967; Hirons 1980). 

Male Scolopax are successively polygynous 

but, in contrast to other waders with polygynous 

mating systems, they do not defend either an ex- 

clusive or specific area to which females are 
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attracted and in which mating or nesting (or 

both) take place. Instead, males display solitarily 

over extensive areas in search of females with 

which to mate. When a receptive female is 

found, the male remains with her constantly for 

a short period, usually 3-4 days, before resuming 

display flights. As in many other polygynous 

species (Wiley 1974), a proportion of first-year 
males, probably variable from year to year, do 

not participate in breeding activities (at least in 

Britain). There appears to be significant varia- 
tion in the success of individual male woodcock 

in locating and mating with females, which is 

apparently related to differences in their display 
performance (Hirons and Owen, unpublished 
data). 

Philohela differs from Scolopax chiefly in that 

males display on specific areas, termed singing 

grounds, which are defended vigorously against 

other males and to which females are attracted 

for mating. No pair bond is formed, and contact 

between the sexes is apparently limited to copula- 
tion, which takes place only on singing grounds 

(Sheldon 1967). It appears that some males mate 
with more than one female, but there is no pub- 
lished information on variation in mating success 

between males in possession of a singing ground. 

Many studies, however, have demonstrated that 

if the occupant of a singing ground is removed, 
replacement occurs rapidly and that there may 
be as many as three noncourting, or subdomi- 

nant, males for each displaying male (Owen 

1977). The way in which these dominant-sub- 

dominant relations are established is unclear, 
and both categories include first-year and adult 

males. In Michigan, the age ratio of courting 

males captured on singing grounds changed 

through time, with adults predominating early 

in the breeding season (Whitcomb and Bourgeois 

1974), but no similar seasonal shift occurred in 
West Virginia (B. Shissler, personal communica- 

tion) or New Brunswick (D. Keppie, personal 
communication). Thus there is no concrete evi- 

dence that older, more experienced males domi- 

nate breeding activity, as apparently occurs in 

Scolopax, However, subadults occupy marginal 

sites more often than adults (D. Keppie, personal 
communication) and may more readily colonize 

newly creatod singing grounds (Dunford and 

Owen 1973). 

Our interpretation of these data is that male 

Philohela are promiscuous and display solitarily, 
© their system of singing grounds is probably 

analogous to the dispersed leks characteristic of 

some wader species (Lack 1968). 

Courtship Display 

Scolopax 

Male Scolopax perform extensive display 
flights, termed roding, above the woodland can- 
opy. When roding, birds fly in a distinctive man- 
ner, quite fast (about 32 km/h) (Nemetschek 
1977) but with a peculiar, slow wing action like 
that of owls, and they call repeatedly. Two quite 

different notes are used in conjunction: a gut- 

tural, croaking sound repeated three to five times 
in quick succession followed immediately by a 

shrill, far-carrying “peetsch” note; the whole call 
sequence lasts 1-2.5 s. 

Over most of its breeding range (temperate 

Eurasia), Scolopax rodes at dusk and, less inten- 

sively, before dawn, from late February to early 
July or later. At the species’ northern limit. 
around 69° N in Scandinavia, roding can be ob- 

served at any time during the 24 h (Marcstrém 

1974). The number of flights observed and the 

length of display periods increases through the 
season, reaching a maximum around the summer 
solstice, at which time in Britain the eve~ ‘ag dis- 

play in any one area usually lasts for about 

50-70 min and between 20 and 30 observations 
of roding birds can often be made. The same 

basic pattern of increasing display activity with 
season is also shown by marked birds, but with 
much individual variation. 

Roding birds are seldom continuously in the 
air for more than 20 min (maximum yet re- 
corded, 43 min), and usually an individual's eve- 

ning display consists of 2-4 flights averaging 

about 6.5 min each (Hirons 1979). Most birds 

display for about twice as long in the evening as 
in the morning, and the maximum recorded per- 
iod of display by one individual in a 24-h period 

has been 64 min. Marked males have displayed 
throughout the entire season (i.e., more than 4 

months), but there is some evidence that not all 
roding males do so. 

Display begins progressively earlier in relation 

to sunset and sunrise as the season proceeds. In 
England, roding takes place in the evening at 

average light intensities between 15.6 and 6.7 Ix 

in early march but between 398.1 and 1.4 Ix ir 

June. In the morning, roding usually ceases 
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about 45 min before sunrise, when light intens- 
ties (usually <0.3 lx) are even lower than those 

at which rodiag ends in the evening. The height 

of display flights is also influenced by light inten- 

sity. Initially each evening the birds fly well 

above the tree canopy (X = 22 m) (Nemetschek 
1977). but with declining light intensity. the 

height of display is reduced to just above that of 
the canopy. 

Roding birds tend to concentrate their activity 

above clearings, paths, and other woodland 
openings, and individuals frequently fly over 
such places several times during each display 
period (maximum recorded: 11 observations of 
one individual during one evening). Aggressive 

interactions occur frequently when roding males 
meet. but this does not prevent many birds from 

displaying over the same area. Individual roding 
ranges in England are often more than 100 ha in 
extent, and marked birds have been observed dis- 
playing over points 3 km apart on the same eve- 
ning and 6 km apart in the same week. It is 
likely, however, that the length and orientation 
of roding roules is influenced by the extent of 
woodland areas, b- topographical features such 
as paths and clearings and, perhaps, bv the den- 
sity anc distribution of females. 

Rocting males exhibit a high degree of fidelity 
to particular areas: f 4 13 roding males caught 

in a 170-ha wood i england were retrapped 
there the next summer. 

There are sxeral accounts of apparent court- 
ship behavior on the ground that may describe 
the presopalatery display of Scolopax (Shorten 

1974). (servations of captive birds suggest that 
fluffing of the plumage, shivering movements of 

drooped wings, and rapid trembling of the 
fanned. raised tail serve as the precopulatory dis- 
play of the male (Glitz von Biotzheim et al. 
1977; V. Marestrém, personal communication; 
G. Hirons, unpublished data). 

Philohela 

In the breeding season, male Philohela per- 

form courtship displays at dawn and dusk on 
.nging grounds. These grounds range from 0.1 

to more than 40 ha and consist of old fields, 

forest cuttings. bogs, and other openings (Owen 

1977). In Maine. singing begins soon after the 

birds arrive from winter quarters in late March 
and continues until early June. 

isi 

From the singing ground, the male performs a 

series of display flights each lasting about 
55-60 s. In these, he rises vertically up to about 
80 m (Sheldon 1967) before descending in spi- 
rals: during descent, the specially modified outer 
three primaries produce a characteristic twitter- 
ing sound, which is accompanied by vocal 
chirps. The aerial display is followed by a ground 
display in which he gives a series of “peent™ calls, 
each preceded by a faint “tuko™ note. This reper- 
toire is repeated 10-20 times during the display. 
which lasts from 30 to 60 min (Pettingill 1936; 

Sheldon 1967). Aggressive encounters with 

intruders are common, involving chases and 
“cackle” calls, and males occasionally spend an 
entire courtship period defending their territory 
(Westfall 1954). 

Evening display begins at light intensities be- 

tween 53.8 and 2.2 lx (Sheldon 1967:55), which 
is much lower than for Scolopax at the peak of its 
roding activity. As with Scolopax, there is a lati- 
tudinal influence on the length of the courtship 
period (Sheldon 1967:55), with males in New 
“runswick singing about twice as long (45 min) 

a> birds in Maryland (20 min). This difference 
may be related te the length of the twilight per- 
iod. However, seasonal trends in Philohela dis- 
play activity appear less marked than for 
Scolopax. 

Displays at dawn are less syachronous than in 
evening. and the total display period is corre- 
spondingly about 50% longer (Sheldon 1967); 

we found no published information that com- 
pares individual dusk and dawn display perfor- 
mances. 

In West Virginia, some territories were occu- 

pied daily for up to 3 months, but others were 
used only temporarily (B. Shissler, personal com- 
munication), suggesting that there are preferred 
singing grounds. D. Keppie (personal communi- 
cation) came to the same conclusion from studies 
of the recruitment of males to singing grounds 

from which the dominant male had been re- 
moved. In the West Virginia study, many males 

remained dominant on the same singing ground 

for extended periods (up to 70 days), but some 
birds did change territories and some even 
became subdominant on other singing grounds. 

Females visiting singing grounds allow mating 

by males with minimal precopulatory display 
and so may differ from Scolopax in this respect. 
In the presence of a female, male Philohela utter 
a series of low “tuko” notes, then approach with 
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wings raised above the back. dropping them 

almost to the ground just before mating (Westfall 
154-31; Sheldon 1967-49). 

Male Philohela, like male Scolopax. show high 

fidelity to previous breeding localities. Of 84 
mates retrapped by Sheldon (1967) in subsequent 
breeding seasons, 32% were retrapped on the 

same singing ground and 80% on singing 

grounds within 1.6 km of the original capture 

site. 

Breeding Season 

Scelopax has a very protracted breeding season 

as compared with that cf Philohela. tn Britain, 
generally the first eggs are laid in early March. 
the peak of laving is from mid-March to 

mid-April, and some clutches are found as late as 

August (Morgan and Shorten 1974). A similar 

pattern holds for Denmark (Clausager 1972). 

However, in an area intensively studied in Eng- 
land, the distribution of lavings lacked the pro- 

nounced peak in early spring. perhaps because 
nests started early in the season are found most 

easily by casual observers. In this area, at least 
some of the clutches laid after late April were re- 

placements. Females can also lay again after los- 

ing brooc's: in two such instances recorded, incu- 

bation of the repeat clutch began only 12 days 

after brood loss, which may indicate that some 

females can successfully rear two broods in a sea- 
son. 

The breeding season of the single-brooded 

Philohela is relatively short. Sheldon (1967) 
reported that 90° of the nests recorded in sev- 

eral studies were started within 4-5 weeks. In 

England, 93% of the clutches of Scolopax were 
started in the period 21 March-3 May (GC. 

Hirons, unpublished data} and in Denmark, 
90° were calculated to have been started over a 

15-week period (Clausager 1972). 

Habitat in the Breeding Season 

Over most of its range, Scolopax breeds in 

extensive tracts of undisturbed deciduous wood- 

land, particularly those having a combination of 
dry ground with a sparse herb laver (e.g.. hram- 

bles, Rubus spp., or Dog's Mereury, Mer Yalis 
purpurea) and wide paths or other openings that 

allow birds easy access to the forest. Typical hab- 

itats vary from large areas of hardwoods or 
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mixed woods in the south of the woodcock’s 
range to thin birch (Betula spp.) woods and scrub 
in the north. In Britain, young conifer planta- 
tions are also frequented, and in Scandinavia, 
mature coniferous forests. 

Philohela is associated with earlier stages of 

forest succession than Scolopax. Prime habitat in 

the northeastern part of its range is provided by 
old farms reverting to forest. These areas contain 
young to middle-aged hardwoods, especially 
alder (Alnus spp.). openings, and abundant food. 
In the northwestern part of its range. the most 

favored habitat is aspen (Populus spp.) and birch 
forest less than 30 vears old. Other favored habi- 
tats are recently logged or burnt areas, even 
when these are surrounded by extensive stands of 

conifers. 

Discussion 

Most northern scolopacids breed in open habi- 
tats. Nearly all are monogamous, with male in- 

volvement in incubation and brood rearing 

(Lack 1968), and males of most species defend 
territories for the purpose of mating, after which 
territorial behavior and courtship display cease 
(Miller 1979). In contrast, pate: ns! care is absent 
in both woodcock species an! the polygynous 
males display throughout the breeding season. 

Many aspects of woodcock social behavior and 
morphology can be viewed as secondary adapta- 
tions to their unique forest existence, and the dit- 
ferences in breeding behavior between woodcock 
and other shorebirds, and between the two 
species themselves, are discussed with this in 
mind. 

Courtship Displays 

Both woodcock species are sexually monomer. 

phic, have highly cryptic plumage, and in the 
breeding season feed solitarily beneath the wourt- 

land canopy. all of which make contact betwee 
the sexes for mating difficult. To overcome this 

problem, both species have evolved conspicuous 

aerial displays accompanied by distinctive 

vocalizations. In both species these displays are 
performed only by males: in Scolopax the male 

ceases his aerial dig:'ayv for the duration of the 
pair bond, and i « ailohela mating takes place 

only on a singing ground from which the aerial 

displays are given. Thus, there can be no doubt 



that the display flights in both species function 
primarily to attract females. 

Philohela occupies earlier stages of forest suc- 

cession than Scolopax and accordingly can make 
repeated, vertical display flights from the more 

abundant suitable openings, which can also be 

defended against other males. The presence of 

subdominant males around singing grounds. the 

rapid replacement of removed males, and the 

rapid colonization of newly created openings 
suggest that there is considerable competition be- 
tween males for singing grounds. Scolopax is 

associated with more mature woodland, and this 
ma’ heve been one reason for the evolution of its 

extensive display flights above the tree canopy 

Male courtship display around sunset and before 

sunrise occurs in related partly nocturnal species. 
such as the snipe, Capella gallinago (Tuck 1972) 

and the great snipe, Capella media (Lack 1968). 
The strong diel rhythms of display in the wood- 

cock could have evolved to facilitate contact be- 

tween the sexes by serving as a “temporal” 

address « hile also avoiding competition with the 
other sounds of woodland bird communities and 

perhaps also reducing the risk of predation. 

Polygyny and Length of Breeding Season 

Why most Scolopacidae should have evolved 

monagamous tating svstems is obscure (Lack 

1968, Wilson 1975:329). However, «veral fac- 

tors have probably favored polygyvny in Philohela 
and Scolopax. Advertisement and defense of 
exclusive areas of woodland containing resources 

of value to females would be difficult for a well- 

camouflaged shorebird not adapted to perching. 

In comparison with most species of waders, both 
woodeock secies have extended breeding seasons 

and both will nest again if a clutch is loa. The 
optimum areas for nesting probably differ within 

“nd between breeding seasons according to con- 

ditions of ground cover and food availability. 

Which are subject to meteorological influences. 

Feraale Scolopax almost invariably change loca- 
tions between attempts (personal 
observation). This mobility of females may have 

favored the evolution of the extensive display 
flights by male Scolopax, and makes defense by 

males of the females (harem polygvny) imporssi- 
ble. Paternal care is absent in both species — the 

resting 

nidifugous chicks feed themselves. at least after 

the first few days, and presumably in a woodland 

situation there would be little selective advan- 

tage (from improved detection or distraction of 

potential predators) if both parents attended the 
brood. 

Extended laying seasons result in an excess of 

males over receptive females at any one time in 
the breeding season and are characteristic of 

many species with polygyvnous mating systems 

(Emlen 1976). In species where there is no long- 
term pair bond, this in turn will result in inten- 
sive intrasexual competition for mates, and high 
variance in reproductive success among males. 

Furthermore. males should remain sexually 

active throughout the breeding season, as oo~urs 
in both Philohela and Scolopax. 

In Scolopax, the extraordinarily long breeding 

season stems from a great asynchrony in the 
timing of egg laving caused by high rates of nest 

predation and frequent repeat lavings (personal 
observation), and probably also from differential 
ability of females to accumulate the resources 
necessary for breeding. Although nonsynchronous 

arrival on the breeding grounds by fernales may 

also occur, it would be difficult to detect. 
Why the = ««ling season of Philohela is 

much shorter vi... that of Scolopa: is a puzzle. In 
Britain, 67°) of Scvlopax nests siarted hatch at 

least one chick (Morgan and Shorten 1974), 
which is identical to the proportion of successful 
Philohela nests in Maine (Mendall and Aldous 

1943). In Scolopax, the termination of roding 
each year, and by implication breeding, occurs 

later in wet summers (Saari 1979; Hirons and 
Owen, unpublished data). This extension of the 
breeding season may be because broods suffer 

higher mortality in wet seasons, resulting in more 

repeat nestings, or alternatively because earth- 
worms are more readil, available and the birds 
are thus able to continue breeding later. The lat- 
ter explanation definitely applies to blachirds 

(Turdus merula) and song thrushes (Turdus phil- 

omelos) that breed in the same geographical 
areas and depend on earthworms for food. It is 

plausible that earthworms become less readily 
available and feeding conditions correspondingly 

poorer earlier in the summer in the habitats and 
regions occupied by Philohela than in those occu- 
pied by Scolopax. 

Ip both Scolopax and Philohela there is prob- 
abiy considerable variance in mating success 

among males. Some male Scolopax do not dis- 

play at all (personal observation) or display only 
when other males have been removed (Mare. 
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strom 1974), and even among displaying males 
some are much more successful at finding mates 
than others (Hirons 1980; personal observation). 
There may be as many as three noncourting Phil- 
ohela males associated with each singing ground, 

ing season. Subdominance associated with a sing- 

ing ground may be a strategy employed by less 
dominant males to increase their chances of mat- 
ing by being in a position to rapidly replace the 
territory owner during that or subsequent breed- 
ing seasons; it is possible that singing males are 
more vulnerable to predators than the popula- 
tion at large. Also, subdominani i. Jes may 

opportunistically steal mates while the .esident 
male is displaying or interacting with other 
males. 

In both species, choice of mate, initially at 
least, is probably the prerogative of the female. 
In Philohela, mating takes place only on a sing- 
ing ground, and females are free to move from 
one singing ground to another. Female Scolopax 

are believed to give an advertising call which, 
when heard by the flying male, causes him to 
alig't next to her (references in Hirons 198))). 

Intense intermale competition and female 
choice of mate are primary determinants in the 

evolution of lek-mating systems (Emlen 1976), in 
which males increase their attractiveness to 

potential mates by congregating to display on 
arenas or leks. Among waders, communal dis- 

plays are performed by ruffs (Philomachus pug- 
nax) and male great snipe, both of which inhabit 
more open country than woodcock. In the forest 
habitats occupied by woodcock, suitable 
openings for arenas which are also safe from the 

risk of predation are likely to be in short supply, 
or far removed from suitable feeding and breed- 

ing areas. Neither Scolopax nor Philohela move 

around beneath the woodland canopy at night in 

the breeding season (personal observation), and 

it is likely that the risk of predation would 
counteract selection for closely aggregated dis- 

playing males. However, it is also likely that 
areas of high roding male density (Scolopax) and 
groups of singing grounds (Philohela) attract 

more females than isolated displaying males. 

Intersexual Selection 

In neither species of woodcock is the mating 
system resource based (Cronin and Sherman 
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1976; Trivers 1976), which makes discrimination 

of mate quality more difficult for females, and 
this may have resulted in some of the differences 

observed between the breeding behavior of the 

two species. One way for females to determine 
the quality of potential mates is by their success 

in intermale compet'tion. In Philohela, inter- 
male competition for singing grounds is great. 
only a proportion of males powes singing 
grounds, and these are defended vigorously 
against other males. Thus, females are able to 

select males from a group of “winners”; corre- 

lated with this ability is the lack of a pair bond 
and virtually no precopulatory display (sce 

below). This prior sorting may be iipo-tant in 

Philohela, which has a shorter breeding season 
than Scolopax, since it allows rapid choice of 
mate and an early start to nesting. In addition, 

since females are selecting males principally on 
the basis of their possession of a singing grownd, 

seasonal trends in display activity would not be 
expected (cf. Scolopax below). 

Female Scolopax have an extended laying sea- 

son, and usually change breeding localities (and 
hence mates) between nesting attempts. Perhaps 
because of subdominance, some males (mainly 
first-year males) do not display. The remaining 
males display but do not defend territories con- 
taining resources of value to the female, and al- 
though some males display more than others (and 
the females may distinguish these males by voice) 
(G. Hirons, unpublished data), the results of 
intermale competition are less tangible than in 

Philohela. Hence, it may be more difficult for 

female Scolopax to gauge male quality quickly; 
this may be the reason for the temporary pair 
bond and more elaborate precopulatory display 
found in Scolopax, which allow the female a 
finer discrimination of male quality. An alterna- 
tive explanation for the existence of a pair bond 
in Scolopax could be mate-quarding by the male, 
but this should be balanced against the male's 

loss of valuable time in which other females 
could be inseminated (Wilson 1975). Regardless 

of the reasons, a mating system that includes the 
formation of a pair bond lasting several days 
would be less likely to evolve in Philohela. Males 

could not afford to relinquish their singing 
ground or lose time in which to mate with other 

receptive females, especially given the shorter, 
more synchronous breeding season of Philohela. 

Female Scoiopax appear to select males 

initially on the basis of their roding ability, ie.. 

the males which display longest (personal obser- 



vation). Therefore, if other considerations allow, 

males should always display for the maximum 

period possible, which may explain the seasonal 
trends in male roding activity. Early in the sea- 
son, during cold weather, apparently even the 
fittest males can rode only for short periods (per- 
sonal observation). 

Census Methods 

Estimating the number of courting males in 
the breeding season wiil always be far easier for 

Philohela, which display on small, discrete sing- 
ing grounds, than for Scolepax where several 

males perform songflights over the same exten- 

sive areas. For Scolopax, census of roding males 
will probably have to be based on the proportion 
of marked to unmarked birds (radio-tagged or 
otherwise distinguishable individually) in the 

population. However, for both species there still 
remain the problems of relating the number of 
courting males to the number of breeding 

females and of whether this ratio varies from 

year to year or between areas. Yet given a more 

complete understanding of woodcock breeding 

systems, this problem might appear less intracta- 
ble or less important than it does at present, and 
we discuss specific areas where our knowledge is 
deficient . 

Future Research 

In reference to Philohela, some specific ques- 
tions that need an answer: How much variance 

in mating success is there between males in pos- 
session of singing grounds and what factors influ- 

ence this? Possibilities to be investigated are the 

position of the singing ground in relation to other 

singing grounds and their relation to prime ‘rood 

rearing and feeding habitats, variation in male 

display performance, age of displaying male, 
and density ot singing grounds. More data are 

needed or indivicus’ occupation of singing 
grounds, both within and between seasons. Are 
males in possession of singing grounds exposed to 

higher predation? What is the effect on total pop- 
ulation size of manipulating the habitat to in- 
crease the potential number of singing grounds? 

Little is known about female behavior in rela. 
tion to singing grounds. In particular, how pro- 

miscucus are females? What is the relation of the 

location of nest sites of individuals to the place 
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where mating occurred? Are there seasonal 

trends in breeding success as evidenced by preda- 
tion rates on nests or the growth and survival of 

chicks? 
In Scolopax, the outstanding problem is why 

some males display more than others and some 
not at all. Removal of dominant males and its 
consequent effect on the disp'ay behavior and 
mating success of the remaising males should 
help to answer the question. A similar experi- 
ment with marked males should be conducted 
with Philohela. 

An additional area of interest in Scolopax is the 

wide variation in body weights of individuals of 
both sexes and its effect on the timing of laying 
and male courtship performance. Allied to this is 
the variability in food abundance and its influ- 
ence on body condition and length of breeding 
season, 

Clearly, we have a long way to go to achieve a 

comple’e understanding of the breeding behavior 
of either species, but it is well to remember that 
progress in this direction will be achieved only if 
the relevant questions are posed initially. This 
presents a challenge to all of us. 
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Symposium Summary 

by 

George K. Brakhage 

Office of Migratory Bird Management 
U.S. Fish and Wildlife Service 

Washington, [°.C. 

The 7th American Woodcock Symposium, 
dedicated to the memory of Roger Latham. is 

drawing to a close. We have listened to an array 
of presentations ranging in scope from narrow 

technical isves to comple: relations between 
woodcock and their environments. The partici- 

pants have come from many parts of the United 

States and Canada. and our colleagues from 

Europe have added a special flavor to the meet- 
ing. Each of the speakers is an expert in his own 
right. but | am sure all of us benefited from the 

exchange of ideas and information that has taken 
place during the last 3 days. 

I have the privilege now of recapping some of 
the highlights of this symposium, and the oppor- 

tunity of offering an opinion or two about the 

direction woodcock research and management 

activities shovld take in the future. 

Bob McCabe is a. old friend, and his keynote 

address was vintage McCabe— 100 proof, 
smoothed by almost four decades in the barrel. 

He took us back to the beginning — back to the 

early days when our knowledge of the woodcock 
was anecdotal and when scientific wildlife inves. 

tigation was in its formative stage. He traced the 

development of know ledge about the woodcock: 

the learning process ha. not been casy or without 

obstactes. However, we have come a long way, 

and Bob helped put the current proceedings in 

their proper perspective. | particularly appre- 

ciated his comments that woodcock populations 
are likely unaffected by current levels of exploita- 
tion, that it would be folly to initiate a range- 

wide banding program to study population dy- 
namics, and that we should avoid conducting 
“vo what” research and focus attention on solving 

management problems. | wish | could share his 

optimism that woodcock habitat is reasonably 

secure; serious problems are emerging in winter. 

ing areas. His comme.’s about promoting 

interests in woodeock hunting were right on 
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People should enter the sport of their own voli- 
tion rather than because someone pointed out the 
existence of an underutilized natural resource. 

In the introductory session, John Tautin pro- 
vided a brief history of the evolution of proce- 
dures used in analyzing woodcock sanging- 

ground survey data. Khe believes that field prace- 
dures are satisfactory but analytical methods 

need to be improved. His preliminary evaluation 
suggested that the effect of observer change on 

population index calculations is negligible. and 
that the recommended starting times for con- 
ducting woodcock surveys are appropriate. 
Dwyer and Nichols discussed results of their 

woodcock banding studies. Their data suggested 

that survival rates of females are higher than 

those of males, and higher among adults than 

young. They expressed concern for the lower 
overall survival and production-rate estimates of 
the Eastern population. Although the sample 
sizes were small and refuge banding sites may ve 

less than representative. their findings suggest 
that significant differences exist between the 

Eastern and Central populations. 
The next four papers, constituting Technical 

Session 1. concerned some biological and behav - 
ioral characteristics of the American woodcock. 

We still have much to learn about the basic biol- 

ogy of this species. 

Andy Ammann discussed his pioneering tech- 
nique for determining the hatching dates of 
woodcock chicks using bill length measurements. 

The accuracy of this method was confirmed, and 

Andy commented on the duration of its relia- 
bility with increasing age of the chick. 

Shiwler et al. described results of color band. 

ing individual woodcock for subsequent identifi. 
cation and study. Reflective color bands were 

placed on a large sample of birds in West Vir- 

ginia, sith a high rate of individual identifica. 

tvon “Licey pointed out some potential applica- 
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tions associa'ed with a marking technique that 
allows observation of the activities of undis- 

turbed woodcock. 

Larry Gregg focused attention on the wood- 
cock singing-ground survey and its potential as 

an indicator of habitat quality and availability. 

Larry suggested that on his study areas in north- 

ern Wisconsin, a strong relation exists between 

the number of singing woodcock, the number of 
nesting hens, and the availability of habitat. 
Singing-ground survey data may have an unrec- 
ognized value as a means of monitoring breeding 

habitat trends. He noted that good breeding hab- 

itat is decreasing in Wisconsin due to normal 

forest succession, and emphasized the value of 

habitat diversity. 
Weir and Graves recognized the potential of 

using individual characteristics of the peent call 

in studying territoriality of male American 
woodcock. Although differences exist among 

calls of individual males, they found that varia- 
tions in the call of a single bird, overlap among 
birds, and experimental error made it difficult to 

accurately separate large numbers of males. 

However, they remained optimistic in conclud- 

ing that sonographic analysis and behavioral 

clues used together may accurately determine in- 
dividual use of woodcock singing sites over the 
course of the breeding season. 

The second technical session shifted us from 

basic biological considerations of the woodcock 

to habitat structure and habitat requirements 

during courtship, nesting, and brood-rearing 

periods. 

The initial presentation by Kinsley, Liscinsky, 
and Storm was the first of two papers using 

multivariate statistical techniques to identify and 
quantify some important habitat characteristics 

of woodcock singing grounds in Pennsylvania. By 

comparing old singing-ground sites with those 

currently in use, they demonstrated that plant 
community development gradually reduced the 

suitability of a singing ground. Quantitative 

methods may prove useful in describing initially 
suitable areas, determining if these areas become 

less useful to woodcock, and classifying suitable 
and unsuitable habitat. 

Gutzwiller and Wakeley continued the discus- 

sion of woodcock singing-ground habitat. They 

described a use index for each singing ground and 

determined a high correlation between this index 
and the habitat variables of edge height, shrub 

density, and opening size. They pointed out the 

obvious benefit to wildlife managers of identi- 

fying the habitat characteristics that typify qual- 
ity woodcock singing grounds. 

Coon and his associates shed additional light 

on woodcock nest-site characteristics in Pennsyl- 

vania. They were able to identify nest sites on the 

basis of four habitat variables, and determined 

that the spatial distribution of sites on the study 
area was random. They emphasized the need to 

assess the relation between singing-male density 

and nest or brood density as a measure of the 
potential productivity of woodcock breeding 

habitat. 

Dwyer, Derleth, and McAuley told us about 
some im; crtant aspects of woodcock brood 
ecology in Maine. They found smaller brood sizes 

in second-year females, annual variations in the 

sex ratios of fledged chicks, and no differences in 

survival of broods produced by second-year or 
older females. They also provided us with impor- 

tant data on habitat preferences in Maine be- 
tween yvorrng and older broods. Key management 

consideraticvs were discussed in light of their 

results. 

Horton and Causey reported on a radioteleme- 
try program in east-central Alabama in which 
they monitored the activities of woodcock 
broods. They pointed out the reduction in asso- 
ciation of brood members, including complete 

disassociation after the sixth week. This gradual 

adjustment of brood members to an independent 

existence was emphasized in relation to brood 
densities around selected fields. 

The special session on the effects of current 

forest management and land-use trends on wood- 

cock habitats was both stimulating and produc- 
tive. Little information is available in the litera- 
ture on this important topic. I believe this is the 

first time in this series of symposia that s,eakers 
have been asked to address a specific topiv con- 

cerning the ecology and management of ‘wood- 
cock. It’s a good move. 

John Baird began the session with an excellent 

discussion of the changing forestland uses in New 

England and the Maritime Provinces. He cited 

four major trends in land use that will have 
varied effects on woodcock habitat: (1) contin- 
ued loss of land to urban uses, (2) decrease in 

farmland reverting to forests, (3) intensified 

large-scale forest management, and (4) growing 
public awareness and influence in forestland 
management. He concluded by challenging wild- 

life managers to participate in lard-use policy 
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decisions that benefit wildlife in general and 
-oodcock in particular. 

Strauss and Gutzwiller continued and ex- 
panded upon the theme established by John 

Baird and emphasized the role of economics in 
wildife management. Man and wildlife are com- 

peting for use of land, and wildlife is often the 
loser. In Pennsylvania, and probably elsewhere 

in the Eastern Region, the decline in the wood- 

cock breeding population index most likely 
reflects a combination of long-term changes in 
land use and normal ecological succession. 

Carl Bennett described a major research pro- 

gram in Michigan aimed at gaining knowledge 

about the economics and best choice of proce- 

dures for managing forest wildlife habitat, and 

the public reaction to such programs. This rather 
spectacular effort, involving study plots of 

23.3 km? (9 mi?), is vielding good information 

about the response of deer, ruffed grouse, and 
woodcock to clearcuts ranging in size from 25 to 

75% of the cover. Woodcock appeared to benefit 
most from the largest cuts. 

The third technical session extended the special 
session by emphasizing the response of woodcock 
to habitat management in various parts of the 

country. 

Sepik and Dwyer took us back to Maine where 
habitat management techniques. applicable to 
both small landowners and large commercial 

forestry operations, were developed and eval- 
uated. Strip clearcutting of diurnal cover in- 
creased summer use by adult females and juve- 
niles when singing males were present. Firewood 
cutters created small clearings in hardwood 

stands that increased singing-male activity over 
previous levels. They presented some interesting 

findings on the relation of cleared areas to the 

age structure of courting males, and cited the 

importance of spring burning in woodcock habi- 

tat management. 

Rabe and Prince described results of their 
work in northern Michigan. They emphasized 
the need te understand the spatial associations of 
singing-ground and diurnal cover in relation to 

woodcock use. They conceptualized woodcock 
habitat preference in terms of three critical 
components: food, diurnal cover, and singing 
gronds. They recommended that habitat man- 
agement programs for woodcock give priority to 
production of food, followed by creation of diur- 
nal cover and then of singing-ground habitat. 

The last paper in this session, by Johnson and 
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Causey. presented results of management studies 

in the South. They described the effects of pre- 
scribed burning of longleaf pine stands on subse- 
quent woodcock use. Woodcock abundance was 
highest in the most recently burned stands. They 

concluded that fire could play an important role 

in converting southern pine stands to attractive 
habitat for woodcock. 

In Session IV, attention shifted to reproduc- 
tion and wintering habitat studies of the Amer- 

ican woodcock in the southern regions of the 

United States. 

Mason, Causey, and Lisano described 
development of a simple method tor distinguish- 
ing breeding from nonbreeding females in win- 

tering populations. Some females start sexwal 

recrudescence while others remain quiescent dur- 
ing the winter months. They suggested that 

blood-serum characteristics might be useful in 
identifying and estimating the number of repro- 

ductively active woodcock. 

Whiting and Boggus discussed reproductive 

variables of woodcock wintering in East Texas. 

Courtship flight activity peaked by mid-Feb- 

ruary when the majority of all males had 

attained sexual maturity. Generally, adult males 

achieved testes maturation about 2 weeks earlier 
than subadults. Some females achieved sexual 

maturity by late January. However, evidence 
suggested that only adult hens initiate nests in 

East Texas. 
Connors and Doerr discussed the use of agri- 

cultural fields by woodcock in southern winter- 

ing areas. In North Carolina, they found that 
roosting woodcock preferred certain types of 

agricultural fields over others, and distributed 

themselves in small clusters or aggregation of 

birds. A local banding program established both 

the breeding-ground origin of their birds and the 

tendency of birds to home to specific fields in suc- 

cessive years. 

In the last paper of this session, Boggus and 

Whiting described habitat variables that typified 

preferred feeding sites of woodcock in young pine 

plantations, and suggested that vegetation was 

more important than soil as a factor influencing 

foraging activities. Key management consider- 

ations were discussed for this region. 

In the final session of this symposium, our col- 

leagues from Europe provided a series of presen- 

tations summarizing their work on the European 

woodcock. 

Heribert Kalchreuter summed his thoughts on 
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the history of European woodcock populations, 
especially with regard to population fluctuations 

and breeding-range expansion. He highlighted 

extension of the breeding range into the British 

Isles during the last century, which corresponded 
with a population decline in Eastern Europe. 

About 50 years ago, the pepulation trend re- 

versed itself. He discussed many interesting hy- 

potheses and their validity in light of historical 

and current information and suggested that 

added attention be given climatic factors. 

Rochford and Wilson described efforts in Lre- 

land to develop a reliable method of external sex 
differentiation. They analyzed various morpho- 

logical characters from internally sexed birds. 

Unfortunately, normal variation resulted in an 
overlap of measurements and made accurate sep- 

aration impossible. 

Wilson discussed an interesting radiotelemetry 

study of wintering birds. Woodcock in Ireland 

preferred young coniferous woodlands during 

the day and pasture fields during the night. He 

expanded on the habitual use by woodcock of re- 
stricted wintering areas within one season, for 

the duration of the season and in successive 

seasons. 

Hirons and Owen compared the courtship dis- 

plays and mating systems of the American and 

European woodcock. They identified differences 
between the two species and discussed the eco- 

logical factors that may have favored the evolu- 

tion of polygynous mating systems in both birds. 

This concludes my remarks highlighting 

material presented at this symposium. The next 

few minutes will be spent discussing sorme of the 

key issues affecting the future of woodcock 
management in North America. 

Management Needs 

The main information needs for managing 

most species of hunted wildlife, including wood- 

cock, are generally well recognized. Managers 

need to know something about: 

® the size of breeding populations, 

© the productivity of populations, 
© annual harvest rates, and 
® annual survival rates. 

Ray Owens and his committee described these 

needs in their 10-vear management plan recom- 
mended in 1975 at the 5th Woodcock Workshop. 

There is little need for me to expand here upon 

the nature and importance of these information 

requirements, but I do want to offer some sugges- 
tion about how they may best be met. 

The cooperative singing-ground and wing-col- 
lection surveys will i continued for the present 

but, as John Tautin pointed out earlier, improve- 
ments are needed in analytical techniques. We 

need a better understanding of the value of the 
annual singing-ground survey as a means of mon- 

itoring woodcock abundance. 
Despite major long-term banding efforts at a 

few locations, we still are uncertain about basic 
woodcock population structure and dynamics. 

There appears to be no simple way of obtaining 

the needed information. Recent technical ad- 

vances in the statistical analysis of banding data 
indicate that the level of banding effort needed to 

produce reliable information is far beyond our 

current capabilities. Realistically, there is little 

point at this time in pursuing a rangewide pre- 

season banding program to acquire the necessary 
information about woodcock population 
dynamics. 

What alternatives do we have? It appears that 

we must continue to rely upon indirect means of 

monitoring populations, and it is clear that a bet- 
ter procedure is needed for acquiring harvest in- 
formation. At this time, the only practical means 
of gathering the kinds of data needed appears to 

be some form of a rangewide system that pro- 
vides opportunities for contacting woodcock 
hunters. In my opinion, the best method of doing 
this is through use of a mandatory permit re- 
quired of all migratory bird hunters. Use of such 

a permit would provide names and addresses of 
these hunters and thus an opportunity to draw 
statistically valid samples for survey purposes. 

The survey should be designed to produce infor- 
mation about the size, timing, and distribution of 

harvests; the extent of crippling; the productivity 

of various populations; and the relative impor- 

tance of populations to harvest. It would then be 

possible to make direct evaluations of the relia- 

bility of the singing-ground survey. The degree of 

public interest in woodcock hunting in various 

regions could be measured. In short, well- 

designed mail-questionnaire and parts-collection 
surveys can provide most of the information gen- 

erally recognized as being important for manag- 
ing a hunted wildlife resource. 

The U.S. Fish and Wildlife Service endorses 
the concept of such a data-gathering program. A 
good deal of state support has emerged nation- 

wide, but it is less than universal. We are work- 
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ing with the International Association of Fish 
and Wildlife Agencies to find means of develop- 

ing an acceptable permit system. Both the Serv- 

ice and the International Association are inter- 
ested in a program involving all migratory game 
birds. 

Efforts should continue to determine how hab- 
itat can be managed in a cost-effective way. How 

can habitat best be manipulated to provide the 

early successional stages of vegetation that bene- 
fit both breeding and wintering woodcock and 
many other species of forest wildlife? 

Woodcock habitat research has traditionally 

centered on the breeding grounds. This work is 
needed and should continue, but there is an in- 

creasing need to focus attention on the wintering 

grounds. Bottomland hardwoods are being 

cleared at an alarming rate to make way for agri- 
cultural, industrial, and other uses of the land. 

Losses along the Mississippi Delta are of particu- 

lar concern, but the problem is widespread. We 

need to identify where woodcock habitat is 

declining and develop programs whereby the re- 
quirements of wintering birds can be met in the 

future. 
It will be a real challenge to save enough hab- 

itat for wintering woodcock. Perhaps the best 
way will be to promote habitat preservation on 
an ecosystem basis. Many migratory birds, both 

game and nongame species, are absolutely 
dependent upon southern forest habitats at one 
time or another in their annual cycle. The impor- 
tance of bottomland habitats has been recog- 

nized by waterfowl managers, and research is 

getting underway. Woodcock managers should 
join in this effort and seek ways of including their 

interests with those of the duck people. 

19] 

A clear need exists to determine what level of 

harvest woodcock populations can sustain. Inten- 
sive studies on areas such as Moosehorn and 

Seney National Wildlife refuges can provide the 
needed information through controlled hunting 
programs. Such studies also could provide useful 

information about the vulnerability to hunting of 

age and sex components of the population, the 

reliability of wing survey data as a measure of 
productivity, and other topics of importance to 

management. 

Finally, while I have the opportunity, I want 

to touch upon a matter of general interest. It has 

to do with communication. It is well for wood- 

cock researchers to discuss their interes.s with 

each other, and symposia such as this provide a 
useful forum. However, it also is important that 

we communicate clearly with administrators, 
outdoor writers, and the public. 

The woodcock has unique characteristics that 

make it a valuable indicator of environmental 
health. This should be made widely known 

among decision makers. One result might be a 

more sympathetic ear when requests are made 
for research and management funds. 

Some of you know how to manage habitat to 
increase woodcock productivity and abundance. 
This information is most useful when it is in the 
hands of private and corporate interests which 

control enormous amounts of habitat. And, as all 
of us know, habitat is the key to woodcock 

abundance. 

I have enjoyed attending this symposium. It 
has provided a welcomed opportunity to refresh 
and increase our knowledge about the American 
woodcock. Thank you for your courteous 

attention. 
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As the Nation's principal conservation agency, the Department of the 
Interior has responsibility for most of our nationally owned public lands 
and natural resources. This includes fostering the wisest use of our land 
and water resources, protecting our fish and wildlife, preserving the 
environmental and cultural values of our national parks and historical 
places, and providing for the enjoyment of life through outdoor 
recreation. The Department assesses our energy and mineral resources 
and works to assure that their development is in the best interests of all 
our people. The Department also has a major responsibility for American 
Indian reservation communities and for people who live in island 
territories under U.S. administration. 
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